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A FORTRAN PROGRAM FOR ANALYSIS OF SPIN ZERO ELASTIC

SCATTERING WITH THE NUCLEAR OPTICAL MODEL
by C. C. Giamati, W. Tobocman,” and D. V. Renkel

Lewis Research Center

SUMMARY

A FORTRAN program that can be used to analyze the elastic scattering of spin
zero particles from an atomic nucleus is presented. The nucleus is represented
by the nuclear optical model in the form of a Saxon-Woods volume potential plus
a surface interaction potential whose radial dependence is in the form of the de-
rivative of a Saxon-Woods form factor. There are available four independent pa-
rameters of each of the two potentials; V and W, the strengths of the reasl and
imaginary parts of the potential, R, the radius of the potential, and a, the
diffuseness parameter. Provision is made for varying these parameters over a
chosen grid in the parameter space or for searching for a best fit to experimen-
tal cross section data by minimizing the chi-squared deviation as a function of
chosen parameters. Since most of the computation time is expended in integrating
the radial wave equation, the method of integration chosen is about twice as fast
as the commonly used Runge-Kutta method.

INTRODUCTTION

This report describes a FORTRAN program, ELSA, developed at the Lewis Re-
search Center for the analysis of elastic scattering of spin zero particles
against atomic nuclel, which are represented by the nuclear optical model. ELSA
was developed to analyze experimental scattering cross section data in terms of
the optical-model parameters, and, for this purpose, includes a search procedure
for obtaining good fits to experimental data. The calculations are repeated many
times in the search procedure, so the program was designed to use a method of
integration (ref. 1) that is about twice as fast as the commonly used Runge-
Kutta method (ref. 2). Since most of the computation time is expended in the in-
tegration of the radial wave equation, this method leads to a relatively fast
program.

The program calculates the differential elastic cross section oy, (6) as a
function of the center of mass scattering angle 6 for spin zero particles with
arbitrary mass, charge, and nonrelativistic energy scattered from a nucleus at
rest with arbitrary mass and charge. The incident and target particles are taken
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to have an interaction in the form of a two-body potential, which is taken to be
a complex nuclear potential containing a volume term of the Saxon-Woods (ref. 3)
type, and a surface term whose radial dependence is in the form of the derivative
of the Saxon-Woods form factor. The spin of the target nucleus is neglected in
accordance with the usual formulation of the nuclear optical model. If the in-
cident particle is charged, the lnteraction includes a coulomb potential between
an incident point charge and a target sphere of constant charge density.

The potential parameters available are V and W, the real and imaginary
constants that fix the depth of the potential well; R, the radius of the poten-
tial well; and a, the constant that controls the diffuseness of the surface of
the well. Each of these parameters can be specified independently for the volume
and surface potentials., The parameters may be varied by fixed amounts by means
of a grid variation to cover a specified set of points in the eight-dimensional
parameter space. It is also possible to search the parameter space for a set of
parameters that minimizes NG (chi-squared deviation) computed from the experi-
mental differential scattering cross section, 0gy(6), and the calculated ogp(6).

MATHEMATTCAT, FORMULATION
General Scattering Formulas

First, the basic equations of scattering for charged, spin zero particles
will be reviewed. The interaction between the particles is taken to be of the

Torm
Vo= V() + V() (1)
where Vi 1s the complex nuclear potential and V, is the coulomb potential,

both depending only on the distance 1r ‘between the incldent particle and the
target particle. The Schrodinger equation for this case is

ﬁ? =
[. Fm N V(r)]\E = EY (2)
Where
B i
"SR T (3)
i ()

=nlp+mTEla-b

my, and mp are the mass of the incident and target particles, respectively, and

Eigp 1s the laboratory energy of the incident particle,

The wave function for the incident particle must be a solution at large val-



ues of r +to the Schrtdinger equation with Vy(r) =0 and with

2
Z
V., = Zpfre (5)
c dnte 5T
where Zpe is the charge of the incident particle and Zpe the charge of the
target. Tor convenience, the parameter n 1is introduced:

2

uZZme
sl (6)

Hckdmne,

where k 1s the wave number in the center of mass system. The incident wave
function normalized to one incident particle per unit time per unit area is de-
noted by Y¥,; it is also a solution to

= 2k 2
-vz\yc+—r—71\yc = k2¥, (7)
In this case,
1 -nn/2 ikz_..
¥, === T(1 + in)e e/ e Flin,1,ik(r - z)] (8)

<

where v 1is the velocity of the particle, the =z coordinate axis is taken as
the direction of the incident particle, and ¥ 1is the confluent hypergecmetric
function.

The asymptotic form of ¥, can be written as

¥, = L ei[kz—n 1n k(r-z)][% _ n? £.(0) ei(kr—n 1n 2kr)

5 Tx(r 77] Ty (9)
The Rutherford scattering amplitude here is denoted by f£,(0) and is

- -1 ind 2 2ic
fc(9)='——‘—n——‘5 Join 1n[sin2(8/ )]e o (10)
2k sin =

The zero angular momentum coulomb phase shift o, 1s obtained by setting
the orbital angular momentum quantum number L equal to zero in the usual cou-
lomb phase shift formula:

o, = arg (L + 1 + in) (11)

The partial wave expansion of Yc is



cos 6)
- (22)

o0
. P (
v, = _\_}_- E (2L + 1)1l “Trp(n, kr) o —
v
L=0

where op 1is the coulomb phase shift, FL(n,kr) is the regular coulomb function,
and PL(cos @) are the Legendre polynomials.

The total wave function Yi,+ can be written as the sum of the incident
wave and a scattered wave, where the scattered wave includes only deviations from
pure Rutherford scattering and interference terms. This can be written in the
partial wave expansion:

xR
1 .T, iUL PL(COS 6)
Ytot = Yo Yscatt A § (2L + 1)i%e ¥ (r) —— (13)
L=0

The radial wave function Y7 must satisfy the condition that only the out-
going wave is modified by the nuclear interaction, which means that the asympto-
tic expression is

oL

57 |G, k) + iFL(n,kr)] (14)

\_TL’L = FL(n,kr) +

where By 1s a complex constant and G 1s the irregular coulomb function.

When the asymptotic forms for the regular and irregular coulomb functions
are introduced,

Fr = sin(kr - 1 1n Z2kr - %; + 0L> (1)
> K 1n 2kr - 4
Gp, = cos(kr - q 1n 2kr - = + of, (16)

the radial wave function becomes

B i[kr- in 2kr-(Lﬁ/2)+o:l
~ s Lt L T

Y1, = 81n<kr - n 1ln 2kr - - GL) + 57 © L (17)

It is possible to express Yy 1in another manner in the asymptotic region, name-

1y, as a regular coulomb wave whose phase has been shifted by an amount given by

the nuclear phase shift ©&p. This expression is

¥, = Ap sin(kr - n 1ln 2kr - %’5+ or, + SL) (18)

— = o TR R I TR R T e T — T T




where A1, 1is a complex constant and ©y, the complex nuclear phase shift. A

comparison of the coefficients of the incoming and outgoing waves in equations
(17) and (18) yields

2i%
Bp=e -1

(19)

i3

AL = e L

Thus Y¥p in the asymptotic region can be expressed as
ilkr-n 1n 2kr-(Lx/2)+or+d

¥ = sin(kr - n 1n 2kr - %; + GL) + sin Bre [ L IJ (20)

The asyuptotic form of the wave function can be written in terms of the asympto-
tic form of the incident wave and the coefficient By as follows:

2

v = :?5 ei[kr—n 1n k(r—z)](; - 2 — ]}

+ e -

- (o]
) . B
1 el(kr-n 1n 2kr) 2igy PL
S £,(0) + (2L + 1)e" L 373 P (cos 6) (21)
L L=0

The scattered wave is the portlion containing the eikr/r term, and the dif-
ferential cross section 1s given by

0pn(8) = [£,(8) + ty(6)|? (22)
where
fy(e) = %Z(ZL + l)eZidL ']Z-]:';L" Pr,(cos 8) (23)
L=0

and f,(6) is given by equation (10).

The pure coulomb cross section 1s

K (24)

0.(8) = |£,(8)



Nuclear and Coulomb Potentials

The nuclear potential is taken to be

( ) T - R%]
: Vo, + iW, )4 exp|——
Vl + 1Wl 2 2 as

Vglr) == +
n(r) r - Ry r - Rg])2
1+ exp|l—— 1+ expl——=
al az

The numbers Vl, Vo and Wy, Wy are positive for an attractive potential.

(25)

The coulomb potential 1s taken to be that of a sphere of radius R, having
a uniform charge density:

2
e 2
Vo = EEEEL_ L Gs_ E;> r < Re

- 4J‘E€0Rc 2 Ré
(26)

2
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PROGRAM DESCRIPTION
General Description

The program is written in FORTRAN IT language and, as listed in appendix A,
is arranged to operate with the Lewis Research Center 7090 monitor system. The
function of the monitor is to coordinate compiler and assembler processing and to
provide a means for initiating execution of object programs. The monitor system
also provide an error package whose function is to detect and control certain
types of errors in FORTRAN programs. The error control cards used with ELSA are
designated *MAJOR UNDER (NO PRINT) and *ZERO DIVIDE. These correct a floating-
point major underflow and a division by zero by setting the result to zero. The
library tape functions used are the standard FORTRAN II functions, with the ex-
ception of a subroutine called PLOTMY (X,Y,X,P). This subroutine is part of the
library tape of the Lewis Monitor System (ref. 4) and is available for general
use. Where this subroutine is not on the library tape, the program can be run by
changing statement 715 (card 7-073) to read "RETURN, " deleting cards 7-074 and
7-075 in subroutine SEVEN, and deleting subroutine PLOT7. The last input data
card, with the data for the horizontal and vertical scales of the plot, will not
be used if this change is made.

FLSA consists of a main routine and 10 subroutines. The main routine calls
the subroutines in the proper sequence and also provides for a sequential varla-
tion of the parameters V;, W;, Ry, and ay (i = 1,2). The subroutines and the

calculations each performs are listed as follows:



Subroutine ONE Reads in data cards, performs a reduction of input data

Subroutine TWO Computes coulomb phase shifts and coulomb wave functions
Subroutine THREE Tabulates coulomb potential and ra
Subroutine FOUR Tabulates optical potential form factors, obtains power-

series coefficients
Subroutine FIVE Tabulates effective kinetic energy

Subroutine SIX Computes radial wave function by integrating Schrtdinger
equation, then computes scattering amplitudes

Subroutine SEVEN Computes cross section Xz, calls PLOTY

Subroutine PLOT7 Sets up PLOTMY

Subroutine PLOTMY Furnishes a plot of Ouox against Qex, and Oiy against
Oth

Subroutine EIGHT Provides a search on any combination of the parameters Vi,

Wi, Ry, and a; (i =1,2) by minimizing X2

Details of Specific Subroutines

Subroutine ONE. - This routine reads in the data cards and performs a reduc-
tion of the input data to the forms used by the program. It determines the size
of the increment Ar (= 5, FORTRAN name ADD) used in the integration. This is
done by setting © = 60/k and rounding the result to three figures. The dimen-
sionless input parameter 8, = DEL is approximately the size of the integration
increment in terms of the dimensionless variable kr. The subroutine also com-
putes normalization factors for the radial wave functions. The input data used
are listed in the section INPUT DATA.

Subroutine TWO. - The coulomb phase shifts are computed by using Stirling's
formula to obtaln a value for 050 from equation (11) and then by using the re-
currence relation

op.1 = op, - tan"t 4 = AS(L) (27)

to obtain the values for the lower values of L. The designation listed to the
right of the (=) sign is the FORTRAN name of the variable.

The regular and irregular coulomb wave functions (Fy,Gp) are computed at two
values of r, namely, rp.. x - 25 (ARM and ARM -2 ADD). 1In order to

furnish starting values for the use of the recurrence relation, the values of the
coulomb wave functions for L =0 and L =1 (Fy,Fq,Gy,Gy) are computed at these

and Tma:



points by using the asymptotic relations (ref. 5)

FL = VL cos @L + UL sin ®L = FF(N,L + l)
(28)
Gy, = U, cos @ - Vp, sin @ = GG(N,L + 1)
where N 1s equal to 1 or 2 depending on the radial position, and
© =kr - nln2kr - 2+ g (29)
L = N 2 L
The variables Up and Vy used to calculate the coulomb wave functlons are
given by the serles
UL+ iVL = (l + Cl,L+ Cl,LCZ,L + Cl,LCZ,LCS,L+ . . . (30)
=(1n—L+J—l)(iq+L+J) (31)

Cs » L i2krd

The maximum number of terms in the asymptotic series 1s set by the input control
NN1., The series is terminated when the magnitude of any term exceeds that of the
previous term, or when the ratio of the magnitude of any term to the magnitude of
the sum of the series becomes less than the input number BB5. If neither of
these terminations occurs and the number of terms actually reaches NN1, the value
of ARM is increased to ARM + 6 X NN2 X ADD, and a new series is computed. The
values of Fny, Fq, Gy, and Gy are checked by computing the Wronskian, and if
they are not sufficiently accurate, the value of ARM is increased to

ARM + 6 X NN2 x ADD, and the coulomb functions are computed at this new point.
The values of Fy and Gy are then obtained from the recurrence relation

LY(L + 1)2 + n2 Up,q = (21 + l)[’q * —L—(%D]UL - (L + DVIE + 2 Uy,
(32)

where

The recurrence relations can be used to obtain accurate values of Gy by re-
curring upward from Gy and Gp. ©Since the Fp cannot be computed accurately
by recurring upward, arbltrary starting values are assigned to Frpwr1o and
Frrvr11s Where LRM is the maximum value of L to be used in the program and is
determined from input parameters. The recurrence relations are used to generate
the Fy downward, which are then normalized to the value of Fg computed by the
asymptotic series. Each Fj 1s then checked to see if the Wronskian satisfies
the following criterion:



-1/2
Fr_1Gp, - Fr0Or_q - (1 + ?ﬁ) < 10°° (33)
If any of the Fp fail this test, the starting value of L for the downward re-
currence on Fy 1s increased by 10, and the process is repeated. If the start-
ing value of L for the downward recurrence becomes greater than L = 100, the
program value of ARM is increased and the following statement written out: RE-
CURRENCE RELATIONS FOR COULOMB WAVE FUNCTIONS HAVE FATLED, INCREASE RMAX. If the
value of ARM 1s ever increased to the point where the number of storage locations
allocated to V., and r2 1in subroutine THREE will be exceeded, the program pro-
ceeds to the next set of data, and the following statement is written out: ARM
EXCEEDS AVATLABLE STORAGE FOR POTENTTALS, PROCEED TO NEXT CASE.

Subroutine THREE. - The values of the coulomb potential V, and of r2 are

tabulated at all mesh points. The coulomb potential is added to the constant
kinetic energy term and stored in the forms

2 2
&2 _ 3kn, knr”\ _
12(% R, Rg = VC(I) r <R,
i k2 - E-}511) = vo(I) r > R (34)
12 r /) c
Subroutine FOUR. - The Saxon-Woods form factor
1 _
fi(r) = = g83(1) (35a)
I'-Rl
1+ exp——————]
[ &1

is tabulated at each mesh point. The surface interaction form factor,

. r - Ro

i

1+ E_:_EE ’
=]

is also tabulated at each mesh polnt where it is significant.

fo(r) = = T7(I) (35b)

To start the integration of the radial wave function in subroutine SIX, a
power-series solution is used to get initial wvalues of the wave function. This
solution uses a power-series expansion for the nuclear potential at a starting
point that must be inside the nuclear potential well, since the series converges
only for r < Ry. Since the starting value of r is usually small, the surface
potential is neglected in obtaining the initial value of the wave functlon. The
cocefficients for the power-series expansion of the Saxon-Woods form factor are
computed by using



a1

T - R]_] = Z ‘Ymrm (36)

T
1+ exp[—————

The coefficients vy, can be expressed in terms of the form factor evaluated
at r = 0. The exponential evaluated at r = 0 is denoted by

By
expl- —| =E (37)
a1
The T, Bare then given by
0
J
- _ 1 1 E M _,[{_~E -
Tm =M =72 M (14-E) A J'(l + E) = co(L,M+ 1) (58)
Mt ( al)
J=1

The coefficients A? satisfy the recurrence relations

Ao gt Al = ac(d) (39)
with
Aﬁ =1 = A?
and
Al -0 J>M
=0 J<1
Subroutine FIVE. - The nuclear potential contribution to the effective ki~

netic energy term in the Schrddinger equation is obtained and added to the cou-
lomb potential. This is stored in the following forms:

2

ve(I) + % %2 [vlfl(r) + szz(r)] = V(1) (408)
2

‘;—; % [Wlfl(r) + szz(r)] = WW(I) (4-Ob)

where VC(I) is computed in subroutine THREE, and fy(r) and fo(r) are computed
in subroutine FOUR. The power-series coefficients for the nuclear form factor
are combined with the strength of the potential and stored as

10



E Vivy = DD(L,M + 1) (41a)
e W =D M 1 b)

Subroutine SIX. - The radial wave functions are computed for each value of
L from zero to Lp., by integrating the Schrtdinger equation, starting near the

origin and proceeding out to a point well beyond the range of the nuclear poten-
tial. The starting values for the wave function are obtained from a power-series
solution to the radial wave equation at the starting value of r. The differ-
ential equation for the radial wave function X7, is

2
a 5 .o V(r) L(L+ 1)]
—~— + k% - k - Xy, = O (42)
[drz E 2 L
where
0
n=0

in which Cp 1s the normalization constant given in equation (48). The effec-
tive kinetic energy terms are expanded in powers of r as follows:

00
2 _ ,2V(r) .2 3k knré k2
R SRERE Rk IUTEN) ST N
¢ m=0
The following recurrence relations are found for the Q,:
+ 1 2+ 3kn 4+ kn .+ Ei : + + -a=
op = n(n + 2L + lj[}k Op-p + ﬁ;ﬂ Pp-2 - E% Ppn-4 - @m@n—Z—m.‘ Vm@n—z-l]
c m

(45a)

-2 )
- 1 5 . 3kn - kn - o .
®h =a(m+ 2n + 1)[‘k -2 ¥ R ®n-2 " 33 Pn-4 - (qu’n-z-m + Vp®n-2em
¢ m=0
(45Db)
The quantities in equations (45) appear in the program as

®, = &f + 167 = BB(1,N + 1) + 1iBB(2,N + 1) (46)

11



and

+ - k2 1k2
vp + lvg =+ 3 Virp + T Wirp = DD(L,M+ 1) + iDD(2,M + 1) (47)

The values for @O are taken to be
+ -

The starting values for the wave function are normalized to the coulomb
function normalization so that

" 2 2 ‘/ 2 2

X, = PP
L Q2T _ g i(2 - 1+ 1) L( L+ 1) (48)

The integration method is that of successive extrapolation; that is, the
value of ¥ at any given point is extrapolated from the values at two previous

points and the difference in r. The relations are obtained from Taylor series
expansions of XL(ri:E) gbout the point r and from use of the differential equa-
tion to evaluate the second derivative appearing in the expansion (ref. 1). The
complex function X, 1s denoted as

+ e
Xg, = Xp, + iX[ (49)

The equation to be solved can be written with the subscript L temporarily
suppressed in the form

[92—2'+ i (r) + in~<r)]<x+ +X7) = 0 (50)
dr
If
2
a(r) =1+ % N (r) (51a)
52
p(r) = 35 77(x) (51b)
the solutlons are
s _ X (x)g(r + &) = X (r)p(r + B)
X (r + 8) (s + 5) + p2(r+ 5) (52)
where
12



x¥(r) = [12 - 10q(r)1x5(r) - q(r - &)x¥(r - &) * 10p(r)X*(r) % p(r - )X (r - B)
(53)

By comparing equation (50) to the previous form of the radial equation (eq. (42)),
it is seen that

(L + 1)

2
qt(r) = %2 + %[Re Vy(r) -Vc(r)] - 5 (54a)

T
17 (r) =+ %; Im Vy(r) (54b)

The integration is carried out to the place where r =r

maxs and the values
of the wave function at the last two mesh points are stored.

The value of the scattering amplitude B; 1is obtained by evaluating equa-

tion (14) at each of the last two mesh points. When equation (14) is written ex-
plicitly with an arbitrary normalizing factor Cr, the equation becomes

BY 4+ 4BT
- + o L L .
cL(xL + 1xL) = Fp, + (—T—)(GL + iFp) (55)

Using this relation at two values of r enables elimination of C; and solution
for By. For a specified value of L, this solution is

B" + iB- 2 [(X; " ixi)-F-a - (XE ’ ixé)Fl] = BP + 1BM (58)

where the subscripts refer to the last mesh point (2) and the previous mesh
point (1).

Subroutine SEVEN. -~ This subroutine computes the differential elastic cross
sections as given by equations (22) and (23) for each of the experimental angles.

A value of X2 1is computed as follows:

eex N o
$2 WO Fﬂﬁ%&i)'cmé%miq (57)
ex, & Gex(eex,i)
6=eex,i
where W(Qex i) is an assigned weight factor, o., 1is the calculated cross sec-
2

tion, and Oex is the experimental cross section at each experimental angle

0 oy

If a search over the optical model parameters is desired, subroutine EIGHT
is entered. At the end of the search, or if no search is used, the differential

13



elastic cross section is computed at 6y, where 64, 1s a calculated set of
evenly spaced angles if KDCAL # 0, and otherwise Oy 1s equal to 6, if

KDCAL = 0. The pure coulomb differential cross section, as given by equation
(24), is computed at each angle Otn» and the angles, elastic cross sections,

coulomb cross sections, and ratio of elastic to coulomb cross sections are
printed out.

Subroutine EIGHT. - The search routine provides a variation of any of the
parameters Vi, W, aq, and Ry (i = 1,2), which are denoted by aj in the fol-

lowing discussion. First a7 is changed to o4 *+ doy, where da; 1s input

data. The subroutine returns to the optical model program, and a new set of
0p(6) and a value of X% are calculated. The value of Xg is compared with

X%, and if it i1s smaller, the variable oy 1s changed to o4 + 2da; and the
process repeated. (If X% > X{, the variation is made in the opposite direction,
that is, aq 1s changed to oq =~ dal.) The variations are continued in the same
direction until the value of the current X2 is larger than the previous X8,

The value of a7 for which %% is & minimum is then interpolated by fit-
ting a parabola to the last three values of Xz(al).

With the value of o7 fixed at the interpolated value of aq (and keeping
the six other 3 fixed at the initial values), the value of «s 1is changed to
as + dos. Values of oy and X are computed, and the same process as de-
scribed for Oy is carried out. The procedure is repeated for each of the de-
sired a:. At the end of one of these circuits, the process can be repeated if
desired with the same dmj or with each daj reduced by a constant factor.

The search can be repeated as many times as desired and can be terminated by

limiting the number of circuits, or when X2 fails to be reduced by some prede-
termined input factor. When the search is terminated, the program returns to
subroutine SEVEN, which prints out (and plots) the final cross section.

Subroutine PLOTMY (X,Y,K,P) (ref. 4). - This routine is a general plotting
subroutine that is part of the Library Tape of the Lewis Monitor System. TIts use
here is to furnish plots of logjp 0., &gainst 6.4 and logypn dy, agalnst

Othe In the PLOIMY subroutine, the variable X i1s plotted down the page, and Y

is plotted across the page; K i1s an array controlling the possible options of
PLOTMY, and P 1s an array controlling the vertical and horizontal scales.

The subroutine PLOTMY is called by subroutine PILOT7, which prepares the
cross-section data in a form suitable for PLOTMY.

Subroutine PLOT7. - This subroutine arranges to put the values of
-logig Oex(6) and -logg 0t,(6) into the array X(I) and the values of 0.y and

61, into the array Y(I). The proper values of K(I) are set to plot two curves
with the X and Y scales specified by input controls P(I). The input con-

14




trols P(I) are read in by subroutine PLOT7. If the subroutine PLOTMY is not
available to the program, subroutine PLOT7 should be removed along with cards
7-074 and 7-075. Card 7-073 should be changed to read 715 RETURN. The input
data card with the plot controls, P(I), will not be used if this change is made.

The input controls must be integers. A convenient method of selecting the
control numbers is first to choose the desired increment A9 in the horizontal
scale that will be equal to one printing position (there are 100 printing posi-
tions horizontally on the page). P(11l) must be chosen to be an integer that is

A9 times a power of 10. P(9) is then the value such that 6 - P(9) gives the
correct exponent of 10 in the equation

P(11) = Aex106-P(9)

The value of P(10) is then obtained from the desired starting value (N) of &
by the equation

P(10) = mx106-F(9)

These values set up the horizontal scale. The values for P(8), P(6), and P(7)
controlling the vertical scale are set up in a similar manner. There are 60
line spaces per page on the vertical scale. But in contrast to the horizontal
scale, which 1s limited to 100 points, the vertical scale has no such limitation
and can be made to cover several pages continuously.
INPUT DATA
Description
Units for the input data are as follows:

Energy Mev

Potential strength Mev

Mass amu

Length fermis

Charge dimensionless multiples of electron charge
Angle degrees

Cross sections millibarns
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The data are input from tape 7, which is prepared from IBM cards as follows:
Card 1 FORMAT (13A6) title card - 78 Hollerith characters to identify the run

Card 2 FORMAT (15I5) control numbers (the subroutines in which these are used
are in parenthesis)

N1 maximum number of terms in asymptotic series for coulomb wave func-
tions (2)
NNZ2 number of triplets of mesh polints to increase Tmax 1T asymptotic

series does not converge (2)

NN3 0, no surface interaction; 1, yes surface interaction (4)

NN4 maximum number of terms in form-factor power series (4)

NNS 0, no search; 1, yes search using subroutine EIGHT (7,8)

NNe number of search circults before search interval is reduced (8)
NN7 maximum number of clrcuits in search (8)

N8 maximum number of terms in wave-function power series (8)

NT1 nunber of angles for final calculated angular distribution (7)
NTT number of experimental angles (7)

TNKODE O, do not read in experimental data; 1, read in experimental data (1)
KDPPLT 0, no plot is given; 1, yes plot

KDGRD 0, no rough grid; 1, yes rough grid

KDCAL O, 6y, = By 1, Opp # Oex

Card 3 FORMAT (15I5) control number (this card can be blank if no grid varia-
tion is used)

NV1X nurber of grid points for V; (MAIN)
NW1X number of grid points for Wy (MAIN)
NR1X number of grid points for Ry (MAIN)
NA1X number of grid points for a; (MAIN)
Nv2X number of grid points for Vo, (MAIN)
NW2X number of grid points for W, (MAIN)
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NR2X

NAZX

Card 4

AVl

AWL

DVl

DWl

DR1

DAL

Card S

AV2

AWZ

Dva

w2

DR2

DAZ

Card 6

number of grid points for Ry (MAIN)

number of grid points for a, (MAIN)

FORMAT (8F10.0) basic data

| V1|, real strength of Saxon well (5)
|Wi], imaginary strength of Saxon well (5)
Ry, radius of Saxon well (4)

a1, diffuseness of Saxon well (4)

grid or search increment of Vl (8 or MATIN)
grid or search increment of Wy (8 or MATN)
grid or search increment of Ry (8 or MATN)
grid or search increment of a; (8 or MAIN)
FORMAT (8F10.0) basic data

|V2|, real strength of surface well (5)
|Wo|, imaginary strength of surface well (S5)
Ry, radius of surface well (4)

a5, diffuseness of surface well (4)

grid or search increment of V, (8 or MATN)
grid or search increment of Wo (8 or MAIN)
grid or search increment of Rp (8 or MAIN)
grid or search increment of as (8 or MAIN)
FORMAT (8F10.0) basic data

laboratory energy of incident particle (1)
radius of charge distribution (3)

desired mesh size 8, as a fraction of kr (1)
radius at which mesh size is doubled (6)

mass of incident particle (1)
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AZP charge of incident particle (1)

AMT mass of target particle (1)

AZT charge of target particle (1)

Card 7 FORMAT (8F10.0) basic data

AT1 initial angle for calculated angular distribution (7)
DT1 increment in angle for final angular distribution (7)

Card 8 FORMAT (8E10.0) convergence parameters

BB1) determine r, .. > Ry + a;By + By (1)

BB2) determine 1 .. > Rp + a5By + By (1)

BB3 determine Tp.y > Bz + (n/k) (1)

BB4 determine LRM = kr ..+ By (1)

BBS convergence parameter for asymptotic series for coulomb wave func-
tions (2)

BBS form-factor cutoff (4)

BB7 convergence parameter for wave-function power series (6)

BB8 convergence parameter for scattering amplitudes (6)

Card 9 FORMAT (8E10.0) convergence parameters

BB9 reduction factor for search interval (8)
B1O convergence factor on decrease in X2 by search program (8)
Bll determine starting radius for integration from r = BllL(So/k); note

Bll should always be greater than 0.4 (86)

If INKODE = 0, there are no cards with experimentsl data to be read in. If
INKODE # 0, cards containing experimental data will be required. The number of
these cards is as follows:

NTT even, there are NTT/2 cards
NTT 0dd, there are (NTT + 1)/2 cards

Each card contains two angles, two cross sections, and two weight factors.
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Cards 10, etc. FORMAT (6F10.0)

HH(1) first experimental angle (7)

xx(1) first experimental cross section (7)
wx(1) first weight factor (7)

HH(2) second experimental angle (7)

xx(2) second experimental cross section (7)
wxX(2) second weight factor (7)

If KDPLOT # O, there is one more card:

Card PIOT FORMAT (6F10.0) controls for PLOT7 subroutine
P(8) determines vertical scale factor, 106-P(6)
P(7) determines vertical scale starting value; let M be the first

integer greater than logyg 0Oy, then P(7) is the negative
number such that |P(7)| = Mx106-P(8)

P(8) determines desired increment A(logyy o) in vertical scale
equal to one line space, P(8) = A(loglo 0)106'P<6)

P(9) determines horizontal scale factor, 106'P(9)

P(10) determines horizontal scale starting value; let N be desired

starting value for 6, then P(10) = Nx106-P(9)

P(11) determines desired increment A9 in horizontal scale equal to
one printing position, P(11l) = 26x106-P(8)

Sample

A sample data set of input data is listed in appendix B. There are nine
cards corresponding to cards 1 to 9 as described in the previous section, 18
cards containing the experimental angles, cross sections, and weight factors, and
a final card with the PLOT controls. The values of the various controls numbers
and convergence parameters, which appear on cards 2, 8, and 9, are typical values
that have been found satisfactory and that can be used as guides in choosing
these parameters.

SAMPLE OUTPUT DATA

A sample set of output data from the program is listed following the sample
input data listing (appendix B). Not all the possible output described appears
in the sample case.
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The title card is printed at the beginning of each case. Following this on
the first page 1s a labeled print-out of the input data contained on cards 1 to 9.
(Card 3 is printed here only if a parameter grid is being used.) The experimen-
tal angles, cross sections, and weight factors are printed on the second page.

At the top of the third page some of the output from subroutine ONE appears.
Here are printed values of the wave number k = AKK; the mesh size, Ar = ADD; the
coulomb parameter, n = AZZ; the normalization factor for the L =0 radial wave
function, ACC; the radius at which the mesh size is doubled, ARR; the matching
or maximum radius, ARM; the value of the index of the doubling radius, IRR; the
value of the index of the maximum radius, IRM; and the maximum L value to be
used, LRM.

The next output comes from subroutine TWO. If the recurrence relations give
values of ¥y, and Gy, whose Wronskian is greater than 10-5, there is an output

statement noting this and noting that ARM has been increased. If the value of
ARM is increased beyond the storage assigned to the potentials, there will be an
output statement noting this fact, and the program will proceed to the next set
of data (if any). Since it is possible for ARM to be increased with no output
statement, there is always a write-out of the final values of ARM and IRM at the
completion of subroutine TWO.

The final values of the coulomb radius ARC and the index IRC are written out
from subroutine THREE after ARC has been adjusted to be at one of the mesh
points.

Next there is output from subroutine SIX. Each time the power series used
to obtain a starting value for the radial wave function fails to converge, the
starting value for r 1is decreased and a new power series is computed. The to-
tal number of times this happens (for all I values) is printed out as MMM. If
the value of r 1s ever decreased to a value too small for the mesh size used,
the computation stops, the statement POWER SERIES FATLED TO CONVERGE IN SIX is
printed out, and the current values of MMM and L are printed out. There is a
provision for cutting off the number of partial waves used by the program when-
ever the scattering amplitude becomes sufficiently small. Therefore, the maximum
value of L +that can be used is printed out as LRM, and the number of partial
waves actually used is printed out as LMAX.

If a search or a grid is being used, the values of the parameters and the
value of X2 = ERROR are printed at each point of the parameter space. When the
search program is being used, the interpolated values of the %2 and the param-
eter being varied are printed whenever an interpolation is made.

When a calculation with a single parameter set or with a search procedure is
completed, the calculated values of the elastic cross section, the coulomb cross
section, and the ratio of elastic to coulomb cross section, along with the cor-
responding center of mass angles, are printed out. A plot of the cross sections
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against angle is printed if desired. WNo print-out or plot of the cross section
appears if a parameter grid is used.

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio, October 9, 1963
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VOO WMPWwN=

[

U WN -

MAIN PR
COMMON

COMMON

DIMENSI

APPENDIX A

PROGRAM LISTING

OGRAM FOR *ELSA*
AAL»AAZ2 sACC+ADD s AKKsAKS s ARC9ARM3ARRIARL 9AR29ASSsAT1 AV
AV2 s AWY s AW2 s AZDsAZZ s A2DsA3DsA6D
BR1,B8B2+sBB3+BB4,8B85+y8B6+sBB7+8B8,BB9sB10sB11+s8B12sBM,BP,
CCsCNsCS,»
DA1,DA24+DDsDDSsDR1sDR2sDT1sDV1IsDVZ2sDW1 sDW2+D12
ERRyFFsGGsHHIHS
T11+1129113511451CCsINKODESIRMyIRRSI3I,
KDCAL s KDGRD sKDPLT »KBDE2 sKODE6 s KODE7 sKODEB sKBOO»
LLsLLMsLRM>
NAIXsNA2XsNNI1yNN2sNN3 9y NN& s NNS s NNESNNT s NNB s NNN9sNRIX$NR2ZX
NTNoNTTaNT1sNVIXsNV2XsNWIX s NW2X s N3NsPL,
QQsRRsSNsSSeTTaVCHVVallWsWX e XC e XN XX
ON BM(51)sBP(51),
CC(25100)sCN(90)sCS(51)
DD(25100) sFF(2951)5sGG(2+51)sHH(90)sHS(90)sPL(51)
QQ(50)sRR(500)+SS{500)9s3N(51)sTT(500)sVCI(500)sVV(500)
WW{500)sWX(90)»
XC(90) s XN(90) s+ XX(90)

1 CALL ONE
2 CALL TwD

10

12
30

31
32

33

34
35

36

37
38

39

40
41

42
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KODEZ2=K
GO TO |
CALL TH
IF (KDG
TVv1l=AV1
TWl1=AW1
TR1=AR1
TAl=AA1l
Tv2=AV2
TW2=AW2
TR2=AR2
TA2=AA2
DO 20

IF (NA2
AA2=TA2
GO0 T0 3
AAZ2=AA2
DO 20

IF(NR2-
AR2=TR2
GO 70 3
AR2=AR2
DO 20 N
IF (NW2
AW2=Tw2
GO 70 3
AW2=AW2
Do 20

IF (Nv2
AV2=TV2
GO TO &4
AV2=AV2
Do 20

IFINAL1-
AA1=TA1l

ODE2
1,3)sK0ODE2
REE
RD) 109451

NA2=1sNAZX
—1) 3193093,

2

+DAZ
NR2=1sNR2X
1) 34,33,34

5

+DR2
W2=1,NW2X
=1) 37936937

8

+DW2
Nv2=1,sNV2X
=1) 40539940

1

+DV?2
NA1=1sNA1X
1) 43542443

M-000
c-01
c-02
c-03
C-04
Cc-05
Cc-06
c-07
c-08
C-09
c-10
c-11
c-12
D-01
D-02
D-03
D-04
D-05
D-06

M-001

M-002

M-003

M-004

M-005

M=-006

M-007

M-008

M-009

M-010

M-011

M-012

M-013

M-014

M-015%

M-016

M=-017

M-018

M-019

M-020

M=-021

M-022

M-023

M=024

M=025

M-026

M-027

M-028

M=029

M-030

M-031

M-032

M-033

M-034

M-035

M-036

M~-037



43
44

45

46
47

48

49
50

51

52
53
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GO TO 44
AA1=AA1+DAY

DO 20 NR1=1sNR1X
IF (NR1-1) 4645946
AR1=TR1

GO TO 47
AR1=AR1+DR1

DO 20 NW1=1sNW1X
IF (NW1=1) 49,4849
AW1=TwW1l

GO TO 50
AW1=AW1+DW]

DO 20 NV1=1,NV1X

IF (NV1-1) 52551,52
AV1=TV1

GO TO 53
AV1=AV1+DV1
CONTINUE

CALL FOUR

CALL FIVE

CALL SIX
KODE6=KODE6

GO TO (1s7)sKODE6
CALL SEVEN
KODET7=KODE?

GD TO (1+8,20)sKODE7
CONTINUE

GO T0 1

CALL EIGHT
KODE8=KODES

GO TO (4s5)s KODES
END

M-038
M=039
M-040
M=041
M~=042
M=-043
M=044
M=045
M=-046
M-047
M-048
M-049
M-050
M=051
M-052
M-053
M=-054
M=-055
M-056
M~057
M-058
M~-059
M=-060
M=-061
M=-062
M-063
M-064
M-065
M-066
M-067
M-068
M-069
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150
151

140
141

142
143

152
154

153
155

156

SUBROUTINE ONE
PROGRAM ONE DATA REDUCTION
COMMON AA13AA2 3ACCsADDsAKK»AKSsARCSARM3ARRSARL1sARZ23ASSsAT19AVL s
AVZ2 s AW1 sAW2 s AZDsAZZ »A2D sA3DsA6D
BB1,BB2,BB83,BB4,8B5,BB6sBB7,BB8:BB9sB10sB115B12,BMsBP»
CCsCNsCSs :
DALl 4DA2 +DDsDDSsDR1sDR2sDT1sDV1IsDV2sDW1»DW2eD12s
ERR$FF sGGsHHHS o
T11s112911351T491CCyINKODESIRMyIRRSIBZI
KDCAL s KDGRD s KDPLT ¢KODE2 sKODEG6 s KDODET7 sKODDEB sK8O0OO
LLsLEMsLRMS
NALXsNA2X s NNI sNN2 s NN3 9 NNL g NNS5 3 NN6 sNNT o NN8 9 NNN s NR1 X s NR2X
COMMON NTNSNTTsNTIsNVIXsNV2XsNWIXsNW2XsN3NsPL,
QQsRRsSN9sSSsTTHsVCHVVsWWaWX s XCs XNs XX
DIMENSION BM{51)sBP(51)
CC(25100)sCN(90)sCS(51) s
DD(25100)sFF(2451)35GG(2951)sHHI90) sHS(90)sPL(51)
QQ(50)sRR(500)»SS5(500)sSN(51)sTT(500)sVCI500)sVVI500)s
WW(500)sWX(90)
XCU90) s XN(90) s XX(90)
DIMENSION TITLE(13)
READ INPUT TAPE 7101 (TITLE(I)sI=1,13)
WRITE OUTPUT TAPE 69102y (TITLE(I}s1=1,13)
READ INPUT TAPE 7s120s NN1sNN2sNN3sNN4sNNSsNNEsNNT79NNB
1 NT1sNTT»INKODE sKDPLT sKDGRD sKDCAL
READ INPUT TAPE 751205 NVIXsNWIXsNRIXsNALXsNV2XsNW2XsNR2XsNA2ZX
READ INPUT TAPE 75116 AV1sAW13AR13AA15DV1sDW1sDR1sDAl,

VOOV PWN -

[y

U W N

1 AV2 s AW2sAR2AA2,DV2sDW2+sDR29DA2,
2 AEE+sARCsDEL sARR 9yAMP sAZP s AMT s AZ T,
3 AT1,DT1

READ INPUT TAPE 7,118, BB1,BB2,BB3,BB4,BB5:BB6,BB7,BB8,
1 BB9,B10sB11

IF(INKDDE)1505151,150

READ INPUT TAPE 751254 (HHUI)sXX{I)sWX(I)sI=1oNTT)
WRITE OUTPUT TAPE 65103

WRITE OUTPUT TAPE 6+104sAV1IsAWlsAR1sAAL

WRITE OUTPUT TAPE 6+105,DV1sDW1,DR15DA1
IF(KDGRD) 1401415140

WRITE OUTPUT TAPE 65144 sNVIXsNWIXsNRIXSNALX
WRITE OUTPUT TAPE 6s1065AV2sAW2+AR2,AA2

WRITE OUTPUT TAPE 65107sDV2sDW2sDR2,DA2
IFIKDGRD) 14291435142

WRITE OUTPUT TAPE 63s145sNV2XsNW2XsNR2X sNAZX
WRITE OUTPUT TAPE 6s108sAEEsARCsDELARR

WRITE OUTPUT TAPE 651095AMPsAZP sAMT,AZT

WRITE OUTPUT TAPE 65s1105AT1sDT1sNT1sNTT

WRITE OQUTPUT TAPE 6,111.,BB1sBB2,BB3,BB4

WRITE OUTPUT TAPE 6,112,BB5,BB86,BB7,BB8

WRITE OUTPUT TAPE 6,113sBB9sB10,B11

WRITE OUTPUT TAPE 6+114sNN1sNN2yNN3sNN&

WRITE OUTPUT TAPE 6s115sNNSsNN6sNNTsNNB

WRITE DUTPUT TAPE 6,160sINKODESsKDPLTsKDGRDsKDCAL
IF(INKODE)153451525153

DD 154 I=1,NTT

HH{I)=HS(1}

GO 7O 156

DO 155 I=14NTT

HS({I)=HH(T)

WRITE OUTPUT TAPE 65117

WRITE OUTPUT TAPE 65119 (HHII)sXX{I)sWX{I)sI=1sNTT)
CONTINUE

1-000
1-001
c-01
=02
c-03
C~04
Cc-05
Cc-06
c-07
c-08
Cc-09
c-10
Cc~-11
c-12
D-01
D-02
D-03
D-04
D-05
D-06
p-07
1-002
1-003
1-004
1-005
1-006
1-007
1-008
1-009
1-010
1-011
1-012
1-013
1-014
1-015
1-016
1-017
1-018
1-019
1-020
1-021
1-022
1-023
1-024
1-025
1-026
1-027
1-028
1-029
1-030
1-031
1-032
1-033
1-034
1-035
1-036
1-037
1-038
1-039
1-040
1-041



101
102
103
104
1
105

1
144
1

106
1
107

1

145
1
108
1
109
1
110
1
111
1
112
1
113
1
114
1
115
1
160
1
116
117
1
118
119
120
125

122

121

FORMAT(13A6)
FORMAT(20H1 ELASTIC SCATTERING/1HO13A6)
FORMAT(20HO INPUT TD PART ONE )

FORMAT {9HO AVl =1PE15.8, 9H AWl =1PE15.8)»
9H AR1 =1PEl5.8s 9H AAl =1PE15.8)
FORMAT(9HO DVl =1PEl1l5.8s 9H DW1l =1PE15.8»
9H DR1 =1PE15.8s 9H DAl =1PE15.8)
FORMAT (9HO Nvl =I15 s 9H Nwl =115 ’
9H NR1 =115 s 9H NAl =115 }
FORMAT {9HO Av2 =1PE15.8,s 9H AWZ2 =1PEl5.8»
9H AR2 =1PE15.8s 9H AA2 =1PE15.8)
FORMAT (9HO DV2 =1PEl15.8s 9H DW2 =1PEl15.8»
9H DR2 =1PEl5e8s 9H DA2 =1PE15.8)
FORMAT ({9HO Nv2 =115 s 9H Nw2 =115 ’
9H NR2 =115 s 9H NA2 =115 )
FORMAT (9HO AEF =1PE15.8s 9H ARC =1PE15.89
9H DEL =1PE15.8ys 9H ARR =1PE15.8)
FORMAT (9HO AMP =1PE15.8s 9H AZP =1PEl15.8»
9H AMT =1PE1548s 9H AZT =1PE15.8)
FORMAT (9HO ATl =1PE15.8, 9H DT1 =1PEl5.8»
9H NT1 =I15 s 9H NTT =115 )
FORMAT (9HO BBl =1PE15.8, 9H BB2 =1PE15.8»
9H BB3 =1PE15.8s SH BB4 =1PE15.8)
FORMAT (9HO BBS =1PE15.8s 9H BB6 =1PE15.8»
9H BB7 =1PE15.8,s 9H BB8 =1PF15.8)
FORMAT (9HO BBS =1PE15.8s 9H B10 =1PE15.8,
9H B1l =1PE15.8)
FORMAT (9HO NNl =115 s 9H NN2 =115 ’
9H NN3 =115 s SH NN4 =115 )
FORMAT (9HO NN5 =115 s 9H NN6 =115 ’
9H NN7 =I15 s SH NN8 =115 )
FORMAT (9HOINKODE =115 y 9H KDPLT =115 ’
9H KDGRD =115 s 9H KDCAL =115 )

FORMAT(8F10.0)

FORMAT(16H1 CM ANGLE (DEG)s20H CROSS SECTION (MB),
21H ERROR WEIGHT FACTOR)

FORMAT(8E10.0)
FORMAT(OPF16435s1P2E2048)
FORMAT(1515)
FORMAT(6F10.0)

REDUCED MASS
X=(AMP*AMT )/ (AMP+AMT)
WAVE NUMBER

AEE = AEE*X/AMP

AKS = (2+.0%X*¥AEE)/41.826134%
AKK = SQRTF(AKS)

MESH SIZE

ADD=10004,0%DEL/AKK
ADD=0+.001%INTF(ADD+0+5)

couLomMB PARAMETFER
AZZ=(AZP*AZT*X*04034444017) /AKK
A2D=2,.,0%ADD

A3D=3.,0%ADD

A6D=6.0%ADD

NORMALIZATION FACTOR FOR L=0 RADIAL WAVE FUNCTION
IF(AZZ) 12151225121

ACC=1.0

GO TO 123

Y=6.2831853%#AZ22
ACC=SQRTF(Y/(EXPF(Y)-1.0))
INTERVAL DOUBLING RADIUS

1-042
1-043
1-044
1-045
1-046
1-047
1-048
1-049
1-050
1-051
1-052
1-053
1-054
1-055
1-056
1-057
1-058
1-059
1-060
1-061
1-062
1-063
1-064
1-065
1-066
1-067
1-068
1-069
1-070
1-071
1-072
1-073
1-074
1-075
1-076
1-077
1-078
1-079
1-080
1-081
1-082
1-083
1-084
1-085
1-086
1-087
1-088
1-089
1-090
1-091
1-092
1-093
1-094
1-095
1-096
1-097
1-098
1-099
1-100
1-101
1-102
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123 IRR=ARR/A3D+0.50
IRR=3%IRR
ARR=ADD*FLOATF ( IRR)
MAXIMUM RADIUS
Y=ARR+12.0%ADD
X=ARI1+AAL*BB1+BB2
Z=AR2+AA2*BB1+BB2
W=BB3+AZ2Z/AKK
ARM=MAX1F (XY sZ sW)
IRM={ARM~ARR ) /A6D+0450
IRM=3%IRM
ARM=ARR+A2D*FLOATF(IRM)
IRM=IRR+IRM
D12=ADD*ADD/12.0
MAXIMUM L VALUE
LRM=AKK*ARM+BB4
LRM=XMINOF (LRM,50)
DDS=D12*AKS/AEF
X=AZZ*AZZ
NORMALIZATION FACTORS FOR RADIAL WAVE FUNCTION
DO 124 I=1,LRM
Y=1
124 QQ{I)=SQRTF(Y*Y+X)/(Y*(2.0%Y+1.0))
WRITE QUTPUT TAPE 65131
WRITE OUTPUT TAPE 6+1323AKKsADDAZZsACC
WRITE OUTPUT TAPE 631335ARRARM,IRRsIRM
WRITE OUTPUT TAPE 65134 sLRM
131 FORMAT{21H1 QUTPUT FROM PROGRAM)

132 FORMAT(9HO AKK =1PE1548s 9H ADD =1PE15.8»
1 9H AZZ =1PE1548, 9H ACC =1PE15.8})
133 FORMAT (9HO ARR =1PE15.8, 9H ARM =1PE15489%
1 9H IRR =115, 9H IRM =115 }

134 FORMAT(9HO LRM =115 )
PREPARATION FOR PROGRAM EIGHT
I14=NN6
K800=0
RETURN
END

1-103
1-104
1-105
1-106
1-107
1-108
1-109
1-110
1-111
1-112
1-113
1-114
1-115
1-116
1-117
1-118
1-119
1-120
1-121
1-122
1-123
1-124
1-125
1-126
1-127
1-128
1-129
1-130
1-131
1-132
1-133
1-134
1-135
1-136
1-137
1-138
1-139
1-140



201

202

203

230

SUBROUTINE TwO
PROGRAM TwD COULOMB PHASE SHIFTS AND WAVE FUNCTIONS
COMMON AA1,AA2,ACC,ADD»AKK»AKSsARC»ARM3ARR3sAR1,AR2,ASSsAT1,AV1,
AV2sAW1 sAW2 ,AZDsAZZ s A2D3sA3DsA6D s
BB1,BB2+sBB3,8B4,BB5,BB6+BB7+s8B8,8395B10:811sB12:BMsBP
CCsCN»CSy
DA1+sDA2,+sDDsDDSsDR1sDR25sDT1sDV1 sDV25sDW1 9DW2+D12
ERRsFF sGGsHHsHS s
IT1411291135114,5,ICCsINKODESsIRMsIRRSIZI,
KDCAL s KDGRD 4 KDPLTsKODE2 sKNDES s KODET sKANDEB s KBOO s
LLsLLMsLRM,
NAIXsNA2X sNN1 sNN2 3 NN3 s NN& s NN5 3 NN6 s NNT7 5 NNB8 s NNN s NR1X s NR2ZX
COMMON NTNsNTToNT1sNVIX>NV2XsNWIXsNW2X sN3NsPL s
QQsRRySN9SSsTTsVCsVVeWWsWX s XCo XN XX
DIMENSION BM(51)sBP(51)»
CCl25100)sCNI(90)»CS5(51) s
DD(25100)sFF(2551)9GG(2+51) sHH{90)sHS(90) sPL(51)
QQ{(50)sRR(500)+5S(500)sSN(51)sTT(500)sVCI(500)»VVI500)»
WW{500) sWX(90)
XC(90) +XN(90) s XX(90)
DIMENSION AA(100)9sAS{51),3B(100)sFA(2,101)
COULOMB PHASE SHIFTS
A=ATANF(AZ2Z/51.0)
B=SQRTF (2601 4 0O+AZZ%*%2})
STIRLINGS FORMULA GIVES AS (L+1) FOR LARGE L
AS(51)=50.5%A+AZZ¥* | OCGF(B)=AZZ-SINF(A)Y/{12.,0%B)I+SINF (3,
1 O%A)/(360,0%B*%¥3)~SINF(5,0%A)/(126C.0%B%%5)+SINF(7.,0%A)/ (1680
2 «O*B¥%7)
DO 201 I=1550
J=51-1
AS(JY=AS(J+1)-ATANF(AZZ/FLOATF(J))
ASS=2,0%AS(1)+AZZ%0,69314718
DD 202 I=1+51
A=2.,0%AS(1)
CS(I)=COSF(A)
SN(I)=SINF(A)
COULOMB WAVE FUNCTIONS FOR L=0s1 BY ASYMPTDTIC SERIES
DO 204 M=1,2
DO 205 N=1,2
L=M~1
R=ARM+A2D*FL DATF (N-2)
A=2.0%A227
T=L
B=T*(T+1.0)+AZZ%AZ7Z
C=2 4 O*¥R*AKK
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A-AZZ/D)/C

Q=(B/D+1.0-D)/C

ZR=X*¥P —~ Y*Q

Z1=X*Q + Y*p

DIV= ZR¥ZR + ZI*ZI - X*X - Y*Y
IF(DIV)230,207+207

X=2ZR

Y=Z1

U=U+X

V=V+Y
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Z=(X®X2+YXX2) /{URX24+V*%2)
IF(Z-BB5) 2072069206

206 CONTINUE
GO 70 209

207 P=R*¥AKK-AZZ*LOGF(C)+AS(L+1)~1.5707963%T
X=COSF(P)
Y=SINF(P)
FFINsM)=X¥V+Y*y

205 GG(NsM)=X*¥U-Y*y

204 CONTINUE
CHECK ACCURACY 0OF RESULT WITH WRONSKIAN RELATION
A=1,0/SQRTF(1s0+AZZ%%2)
B=FF(1s1)%GG(192)-FF(142)1%GG(151)-A
C=FF(2,1)%GG(252)~FF(2,2)%GG(2s1)—-A
B=ABSF(B)
C=ABSF(C)
IF(B-1.,E~-5)2081,209,209

2081 IF(C-1.E-5)208,209,209

28

209 ARM=ARM+AGD*FLOATF (NN2)
IRM=IRM+3%NN2
IF{IRM=500)203,2605,260
260 WRITE QUTPUT TAPE 65240
240 FORMAT(68H0O ARM EXCEEDS AVAILABLE STDRAGE FOR POTENTIALS, PROCEED
1TO NEXT CASE)
IF(KDPLT)26152624261
261 READ INPUT TAPF 7»241,PLOT
241 FORMAT(F10.0)
262 KODE2=1
RETURN
COULOMB WAVE FUNCTIONS FOR L MORE THAN 1 BY RECURRENCE RELATIONS
GET COEFFICIENTS FOR THE RECURRENCE RELATIONS
208 L=LRM+10
DO 210 I=1,L
BB(I)=AZZ/FLOATF(I)
210 AA(I)=SQRTF(1.04BB(I)*%2)
J=L-1
DD 211 N=1,2
R=AKK#* (ARM+A2D*FLOATF (N-2))
DO 212 I=1sJ
212 CC(N»I)=FLOATF(2%I+1)/R+BB(1)+BB(I+1)
211 CONTINUE
RECURR UP TO GET THE IRREGULAR COULOMB WAVE FUNCTIONS
J=LRM+1
DO 213 N=142
DO 214 1=3,J
214 GGINsI)I=(CCUNII-2)*¥GG(Ns»I-1)-AA(I-2)%GG(NsI-2))/AA(]~-1)
213 CONTINUE
RECURR DOWN TO GET THE REGULAR COULOMB WAVE FUNCTIONS
215 J=L+1
FA{1,J)=0.0
FA{2sJ)=0.C
FA{1sL)=0.1
FA({2s0L)=0a1
K=L~1
DD 216 N=1,2
DO 217 I=14K
J=L-1
FAINsJY=(CCINsJI¥FA(N,J+1)=AA(J+1 ) ¥FA(NsJ+2)) /AALD)
IFIFA(NsJ)=1eE30) 21745231,231
231 IF(J-LRM+1) 23242334233
233 FA(NsJ)=FA(NsJI*1eE-30
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222

224

226
225

220
227

228
250

FA(NsJ+1)=FA(N,J+1)*1.E-30

GO TO 217

JK=LRM+1

DO 234 1J=JsJK

FAINsTJ)=FA(NsIJ)*¥1.E-30

CONTINUE

CONTINUE

RENORMALIZE THE REGULAR COULOMB WAVE FUNCTIONS
C=FF(1s1)/FA(1,1)

D=FF(2s1)/FA(2,1)

DO 218 I=1,L

FA(1sT)=C*¥FA(1,1)

FA{2+s1)=D%¥FA(2,1)

CHECK ALL COULOMB WAVE FUNCTIONS WITH WRONSKIAN RELATION
M=LRM+1

DO 219 I=3sM
D=FA(lsI-1)%GG({1lsI)~FA(LlsI}*¥GGI1sI-1)-1+0/AA(1I-1)
IF{ABSF(D)=1eE-5)2195219,5221

CONTINUE

GO TO 220

RECURRENCE RELATION HAS FAILED INCREASE L AND TRY AGAIN
J=L+1

L=L+10

IF(L-100)2224+2225223

WRITE OUTPUT TAPE 6,229

FORMAT (74HORECURRENCE RELATIONS FOR COULOMB WAVE FUNCTION HAVE FAI

1LEDs INCREASE RMAX/)

GO TO 209

DO 224 I=JsL

ADDITIONAL COEFFICIENTS FOR THE RECURSION RELATIONS
BB{1)=AZZ/FLOATF(I)
AA(TI)=SQRTF(1.0+BB(T1)%%2)

M=J-1

K=L-1

LLM=K

DO 225 N=1s2

R=AKK* (ARM+A2D*FLOATF(N-2))

DO 226 I=M,K
CC(Ns1)=FLOATF(2%I+1)/R+BB(I)+BB(I+1)
CONTINUE

GO TO 215

DO 228 N=1y2

DO 227 I=1,51

FF(NsT)=FA(NsI)

CONTINUE

FORMAT (15H0 FINAL VALUE 5Xs5HARM =1PE15.8s5Xs5HIRM =14)
WRITE OUTPUT TAPE 6»250sARM,IRM
KODE2=2

RETURN

END
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SUBROUTINE THREE
PROGRAM THREE COULOMB POTENTIAL AND R SQUARED

COMMON AA1,AA2,ACC,ADD»AKK9AKS 3sARC9ARMARRSARLI yAR2sASS»AT14AVL),

AV2 3 AW1 sAW2 9AZD sAZZ 9A2D sA3DsA6D

BB1,B8B2,BB3,8B4,BB54sBB6+BB7sBR8sBB9sB10sB11sB12,BMsBPy

CCsCNsCSs

DA1 sDA2+sDDsDDSsDR1sDR2sDT19DV1sDV2sDW1 sDW2+D12,
ERRsFF 9GGsHHHS

111511291135 114,1CCsINKODESIRMsIRRSIBZT

KDCAL s KDGRD »KDPLT »KODE2 sKODE6 s KODE7 sKODDEB sKB800 s

LLsLLMsLRM,

NALIXsNA2XsNN1 sNN2 sNN3» NN4 s NNS s NNEsNNT 5 NNB s NNNSNR1IXSNR2X

COMMON NTNsNTTsNTIsNVIXsNV2ZXsNWIXsNW2XsN3NsPL s
QQsRRsSNsSSeTTsVCsVVelWWaWX s XC e XN XX
DIMENSION BM(51)sBP(51)»
CC(29100)sCN(90)sCS(51)

DD(25100)sFF(2551)9GG(2951)sHH{90) sHS(90) sPL(51) >
QQ(50)sRR(500)sSS(500)sSN{51)sTT(500)sVCI(500)sVV(500),

WW(500) sWX(90),
XC(S0) s XN(90)+XX{(90)
PUT RC ON THE MESH
R = ARC -~ ARR
IF(R) 30153019302
1=ARC/A3D+0.5
J=3%]
ARC=ADD*FLOATF (J)
GO TO 303
1=R/A6D+0.5
J=3%]
ARC=ARR+A2D*FLOATF ()
J=IRR+J
WRITE BUTPUT TAPE 633049ARCsJ
FORMAT (15HO FINAL VALUESXs5HARC =1PE1548495Xs5HIRC =14/7)
ICC=9
CALCULATE THE COULOMB POTENTIAL
AZD=240%AKK*AZZ
W=D12%AZD
X=D12%AKS
Y=W#*1s5/ARC
2=Y%0,33333333/(ARC*¥2)
Y=X~-Y
R=0.0
K=XMINOF (JsIRR)
DO 3C5 I=1,K
R=R+ADD
RR(T)=R*R
VCITI=Y+Z*RR(1T)
IF{J-IRR) 3065307308
K=J+1
DO 309 I=K,IRR
R=R+ADD
RR(I}Y=R*R
VClI)y=X-W/R
K=IRR+1
X=440%X
W=4 0%
GO TO 310
K=IRR+1
Y=4,40%Y
2=440%2
DO 311 I=K,J
R=R+A2D
RR(I)=R*R
VCUI}=Y+Z*RR( 1)
K=sJ+1
W=4o0%W
X=4 4 0%X
DO 312 I=K,sIRM
R=R+A2D
RR(1)=R*R
VC(I)=X-W/R
RETURN
END
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SUBROUTINE FOUR
PROGRAM FOUR OPTICAL POTENTIAL FORM FACTORS AND POWER SERITES

COEFFICIENTS

COMMON AA1,AA2,ACC,ADDyAKK sAKSsARCHARMARR»AR1AR29ASSH»AT1 9AV1y

COMMON

AVZ2 3 AW1 s AW2 sAZDsAZZsA2DsA3DsA6D
BB1y»BB24,BB3+sBB4sBB5:,BB6+sBB7+sBBB8»BB9sB10sB11sB12sBMsBP
CCsCNy9CSs
DA14DA2,DDsDDSyDR1sDR2sDT1sDV1 sDV2,4DW1 9DW2+D12

ERRsFF sGGsHHHS
T11s11247135114s1CCsINKODEsIRMyIRRsI3I

KDCAL s KDGRD s KDPLT s KODE2 s KODE6 sKODE7 »KODEB8 K800
LLsLLMSLRMS

NALIXsNAZ2X sNN1sNN2sNN3 s NN4 s NNSsNNEsNNT 9 NN8 s NNNsNR1IXsNR2X
NTNsNTTsNTLsNVIXsNV2XsNWIXsNW2XsN3NsPL»
QQsRRsSNsSSsTTaVCsVVeWWasWX s XCaXN9eXX

DIMENSION BM(51)sBP(51)s

CC({25100)sCN(90)5CS(51)
DD(25100)sFF(2551)5sGG(2+51)9sHH(90)»HS(90) sPL(51)
QQ(50)s5RR(500)s55(500)sSN(51)»TT(500)sVC(500)VVI500)»
WW(S500)sWX(90)

XC(90) s XN(90) sXX(90)

DIMENSION AC(100)

CALCULATION OF SAXON FORM FACTOR
A=EXPF(ADD/AAL)

B=EXPF (-AR1/AAl)

DD 402
B=B*A

I=14IRR

55(11=140/(1.0+B)

AsAX*A

J=IRR+1

DO 403
B=B*A

I=JsIRM

$5(1)=1.0/(1.0+B)
IF(SS(I)1-BB6) 404,403,403
CONTINUE

GO TO 405
NNN=XMAXOF (I s IRR+6)

J=l+1
DO 406

I=JsIRM

S5(1)=0.0
GO TO 407
NNN=IRM+1

IFINN3)

40844094408

CALCULATION OF SURFACE INTERACTION FORM FACTOR
X=ADD/AA2

Y=—AR2/AA2

Z=L0OGF (BB6)

DO 410
Y=Y+X

IF(Y=-2)

1=1,IRR

41094124412

TT(I}=0.0
GO TO 413

NTN=1

Y=EXPF(Y~X)
X=EXPF (X}

DO 414
Y=Y*X

J=14+IRR

TT(J)=4e0/(2404Y+1.0/Y)

X=X%X

J=IRR+1

DD 416

I=JsIRM
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416
417
418
420
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422

423

409

452

464

461
453
451
463
467
459

11=1

Y=Y*X

TT(I1=440/(240+Y+140/Y)
IF(TT(I)-BB6) 4174165416

CONTINUE

I=11

NNN=XMAXOF (NNN,I)

IF(I-IRM) 41854099418

K=1+1

DO 420 J=KsIRM

TT(J)1=0.0

GO 7O 409

X=2 4 0% X

J=IRR+1

DO 422 I=JsIRM

Y=Y+X

IF(Y~2Z) 422,423,423

TT(I)=0.0

GO TO 409

NTN=1

Y=EXPF(Y=-X)

X=EXPF (X)

J=1

GD TO 415

A=NNN=-IRR

N3N=A/6e+45

NNN=T1RR+3#N3N

I3I=(IRM~NNN}/3

CALCULATION OF POWER SERIES COEFFICIENTS

FIRST CALCULATE THE SAXON WELL COEFFICIENTS

A=EXPF (~-AR1/AAl)

CCl1s1)=1.0/(1.0+A)
=—A¥CC(1ls1)

AC(1)=1.0 &
CCl192)=—-A%¥CC(1,1)*%2/AA1

AC(2)=1.0

D=CC{1s1)/(2,0%AA1*AAL)
CC(193)1=CC(191)%CC(192)%(1a0-A)/(2.0%AA1)

DO 451 I=34NN4

AC(I)=1.0

DO 452 J=3,1

K=I+2-J

AC(K)Y=ACIK)*¥FLOATF{K)+AC(K-1)
K=T+1

D=D/(AAL*FLOATF(I))
IF(D=1eE=30) 46354639464

E=1.

F=0.0

DO 453 J=1,1

E=E*B*FLOATF(J)
IF(ABSFIE)=14E~30) 46144614453
E=0.

F=F+AC(J) ¥E

CCl1sK)=F*D

DO 467 II=KyLLM

CC{1+1I1=0.

CONTINUE

RETURN

END
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SUBROUTINE FIVE
PROGRAM FIVE THE EFFECTIVE KINETIC ENERGY AND COMBINED
POWER SERIES COEFFICIENTS

COMMON AAl,AA243ACCsADDsAKKsAKS»ARCsARM9ARRHIARL1»AR25ASSH»ATL s AVL

AV2,AW1 ,AW2sAZD»AZZsA2DsA3D>A6D

BB1,BB2,BB3,BB4,sBB5,8B6+sBB7,BB8+sBB9sB10sB11sB12,BM,BP,

CCsCNsCSy
DA1sDA24DD»DDSsDR1sDR2sDT1sDV1sDV29DW1 sDW2+D12)y
ERRsFF sGGsHHsHS

1115112411353 11451CCoyINKODESIRMsIRRI3I

KDCAL s KDGRDsKDPLT oKODE2 sKODE6 s KODET7 sKODEB 3sKBOO
LLsLLMsLRM,

NAIXsNA2X s NN1 sNN2sNN3 s NN4 s NN5 s NNE6sNNT s NNB 9NNN3NR1IX s NR2X

COMMON NTNsNTTsNTL1sNVIXsNV2XsNWIXsNW2X5N3NsPL
QQsRRsSNsSSHTTHVCHVVeWWsWX s XCTr XN XX
DIMENSION BM{(51)sBP(51)»
CC(2,100)sCN(90)sCS(51)
DD(2+100)sFF(2551)sGG(2551)sHHI90) sHS(90) sPL(51)

QQ(50)sRR{500)sSS(500)9SN(51)sTT(500)»VC{500}sVVI(500)s

WW(500) sWX(30)
XC(90) s XN(S0) s XX(90)

CONTRIBUTION TO EeKeEe DUE TO KeEes SAXON POTENTIAL, AND
COULOMB POTENTIAL

=—AV1%*DDS
W=—-AW1*DDS
DO 501 I=1,1IRR
VVII)=VC(I)-V*SS(])
WW(T)=—W*SS(TI)
J=IRR+1
V=4 ,0%V
W=4 o 0%W

DO 502 I=JsNNN
VVII)=vC(I)-V*sS(])
WW{T)=-W*SsS(1)
J=NNN+1

DO 503 I=JsIRM
WW(1)=0,0
VVI(T)=VvC(1)

IF(NN3) 5059504,505
CONTRIBUTION TO Ee.K.E. DUE TO SURFACE INTERACTION POTENTIAL
V=-AV2*DDS
W=-AW2%DDS

IF(NTN-IRR) 507,507,508
DO 506 I=NTNsIRR
VVT)=VVII)-V*TT ()
WWT)=WW(I)—W*TT(I)
GO 7O 516
J=NTN
GO TO 515
J=IRR+1
V=44 0%V
W=4 o 0%W
DO 509 I=JsNNN
VVII)=VVII)~V*TT (1)
WWIT)=WWII)-W*TT ()
CALCULATE COMBINED POWER SERIES COEFFICIENTS

A=-DDS/D1l2
S=—A%AV1
T=—A%AW1

DO 514 1=1sNN4

DD(1s1)=5S*¥CC(1,s1)
DD(2+1)=T*CC(1sI)
CONTINUE

RETURN

END
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SUBROUT
PROGRAM

COMMON

COMMON

DIMENSI

DIMENSI
P=0.0
MMM=0
ICC=1ICC
GET STA
LL=0
Q=(2+.%P
13J=131
R=B11%P
RT=P*AD
IF(R-RT
S=(ABSF
IFLS) 6
I=R/A3D
I1=XMAXO
[=3%]
R=ADD*F
GO TO 6
I1=S/A6D
1=3%]
R=ARR+A
I=IRR+1I
INITIAL
IF(I-IR
E=ADD
L=1

GD TO 6
E=A2D
L=2
IF(R-AR
X=040
Y=1.0
GO TO 6
X=1.0
Y=0.0
GET FIR
B=le5%A
C=X¥AZD
A=B=-AKS
S5=R-E

INE SIX
SIX THE RADIAL WAVE FUNCTIONS AND ASSOCIATED SCATTERING
AMPLITUDES
AA13AA2 ,ACCsADD s AKK s AKSsARC»ARM3ARR3AR1 5AR29AS5S5AT1sAV1 s
AV2 s AW1 s AW23AZDsAZZ 9yA2DsA3DsA6D,
BB1+8B2,BB3sBB4+sBB5,BB6sBB7+s8B8+sBB9sB10»B11sB12sBMsBP
CCsCNsCS,
DA1sDAZ2+sDDsDDSsDR1IsDR29sDTL1sDV1sDV29sDW1 sDW2sD12s
ERRsFF »sGGsHHsHS»
I11s1129113s1149ICCsINKODESIRMyIRRSI3I
KDCAL s KDGRD s KDPLT 3 KODE2 s KODES s KODET7 s KODEBsKBOO »
LLyLLMsLRM,
NALXsNA2X s NNTsNN2 3 NN3 s NN4& s NNS s NNE s NNT s NNB s NNNsNRIXsNR2ZX
NTNsNTToNTIaNVIXsNV2XsNWIXaNW2X9N3N9PL ,
QQAsRRISNsSS»TTHVCsVVeWWaWX s XCeXNaXX
ON BM(51)9BP(51)»
CCl{25100)sCN(S0)sCS(51)
DD{(24100)sFF{2+51)sGG(2951)sHH{S0)sHS(90)sPL(51)
QQ(50)sRR(500)+S5(5C0)aSN(51)sTT(500)sVC{500)sVVI500)s
WW({500) sWX(390),
XC(90) s XN(F0)sXX(90)
ON BB(2,100)

RTING VALUE FOR 1
+1a)

*ADD

D/345

161446514651

(R-ARR) 4+ (R—-ARR}))/2.0
02496025603

+0e5

F(Isl)

LOATF (I

04

+0.5
2D*FLOATF(I)
MESH SIZE

R} 605:6069606
07

C) 608960812609

10

ST COUPLE TERMS OF POWER SERIES
ZD*Y/ARC

6-000
6-001
6~002
c-01
c-02
C-03
C-04
c-05
C-06
c-07
c~-08
c-09
Cc-10
c-11
c-12
D-01
D=-02
D-03
D-04
D-05
D-06
D=~07
6-003
6-004
6-005
6-006
6-007
6-008
6-009
6-010
6-011
6-012
6-013
6-014
6-015
6-016
6-017
6-018
6-019
6-020
6-021
6-022
6-023
6-024
6-025
6-026
6-027
6-028
6-029
6-030
6-031
6-032
6-033
6-034
6-035
6-036
6-037
6-038
6-039
6-040
6-041




C

B=0433333333%B/RR{ICC)

BB(lsl)=1.0

BB(2911)=040

BB(1s2)=C/(Q+10}

BB(2,2)=0.0

T=2.0%(Q+2.0)

BB(153)=(A-DD(1,1)+C*BB(152))/T

F=R%*R

G=5*S

Z=F %R

W=G*S

BB(2s3)=(-DD(251)/T)

T=3.0%(Q+3,0)
BB(1s4)=(~DD{1+2)+C*BB(153)+A%BB(1s2)-DD(1+s1)}*BB(1+2))/T
BB(2s4)=(~-DD{2+2)+C*¥BB(253)-DD(2s1)1%BB(152))/T
X=BB(1s1)}+BB(1,3)%F+BB(1+4)%Z+BB(1452)%R
U=BB(151)1+BB(1,3)*G4+BB(144)%W+BB(142)%*S
Y=BB(2+3)%F+BB(29s4)%Z

650 V=BB(2s3)%S+BB(2s4) %W

GET ADDITIONAL TERMS TO POWER SERIES BY RECURSION
DO 611 N=5,NN4

W=W*S

Z=Z%R

T=N-1

T=T*(T+Q)

G=0.0

K=N-2

H=0.0

DO 612 J=1,4K

M=N~J-~1
G=G+DD(15J)%¥BB(1sM)-DD(2,J)*BB(2sM)

612 H=H+DD(1,J)}*BB(25M)+DD(25J)*¥BB(1sM)

BB(1sN)=(A*BB(14N=2)-B¥BB(1sN-4)-G+C*¥BB(1sN=-1))/T
BB(2sN)=(A*BB(24yN~-2)-B¥BB(2+sN-4)~-H+C*BB(2sN-1))/T
G=BB(1,N)*Z

H=BB(2sN)*2Z

X=X+G

Y=Y+H

U=U+BB({1sN)*W

V=V+BB(2sN) *W

IF(XMODF{N+2)16395640+639

639 IF(MN8-N1613,6135640
640 F=(GX%2+H®%2 ) / (X¥X2+YXX2)

IF(F~BB7) 61356119611

611 CONTINUE

R=R—6¢ O*E
MMM =MMM+1
IF(R-A3D) 61436155615

614 WRITE OUTPUT TAPE 63641 yMMM,P
641 FORMAT(39HOPOWER SERIES FAILED TO CONVERGE IN SIX/5HOMMM=15,5Xs2HP

1=F1046)
IF(KDPLT)6615662+661

661 READ INPUT TAPE 7s663,PLOT
663 FORMAT(F104,0)
662 KODE6&=1

RETURN
NORMALIZE WAVE FUNCTIDNS

613 A=AKK*R

B=AKK¥*S
F=A®ACC
G=B*®ACC

6~042
6-043
6=044
6=045
6-046
6-047
6-048
6~049
6=-050
6-051
6-052
6-053
6~054
6~055
6-056
6~057
6-058
6-059
6=060
6-061
6-062
6-063
6-064
6=-065
6~066
6~067
6-068
6-069
6~070
6-071
6-072
6-073
6~074
6-075
6-076
6-077
6-078
6-079
6-080
6-081
6-082
6-083
6-084
6-085
6-086
6-087
6-088
6~089
£=-090
6-091
6-092
6~093
6~094
6-095
6~096
6-097
6-098
6~099
6-100
6-101
6-102

35



36

617

618
616

619

624

621

622

620
626

IF(LL) 61656169617

DO 618 K=1l,LL

F=F#¥A*0Q0(K)

G=G*B*QQ(K)

U=U#*G

V=V*G

X=X*F

Y=Y*F

NOW INTEGRATE THE DIFF EQUATION
SET UP INITIAL VALUES
H=D12%P*(P+1,0)
F=1e0+VVII)~H/RR(I)
G=WW(I)

JJ=1-L
C=1,0+VV{JJ)Y=H/RR(JJ)
D=Ww(JJ)

ASSIGN 622 TO I1

IF(L=1) 619+619+620
J={IRR-1})/3

INTEGRATION WITH A COMPLEX POTENTIAL
DO 621 K=1,J

I=1+1

A=14,0+VVI(I)=H/RRI{I)
B=WW(I)

Z=A%A+B*B

Q=12.0-10.,0%F
XP={Q*X-C*¥U+10,0%G*Y+D*V)
XM= {Q*Y-C*¥y=-10,0*G#X-D¥*U)
S=(A*XP+B*XM) /2
T=(A¥XM-B*XP)/2

I=I+1

C=1,0+VVI(I)=H/RRI(I)
D=WW(I)

Z=C*C+D*D

Q=1240-10,0%A

XP= (Q¥S—F*X+10,0%*B%*T+G*Y)
XM= (Q¥T~F%Y-10,0%B*S~-G*X)
U= (C*XP+D%*XM) /Z

V= ({C*XM-D*¥XP)/Z

I=I+1

F=140+VV(I)~H/RR(I)
G=WWI(I)

Z=F *¥F+G*G

Q=12.0~10.0%C
XP=(Q*U-A¥S+1C,0%D*¥V+B*T)
XM= (Q*V-A*T—10,0%D*U-B*S)
X=(F*XP+G*XM) /2
Y=(F*XM=-G*XP)/Z

GO TO 11+(622+623)

CHANGE OF INTERVAL SIZFE

GO TO 626
J=(NNN-1)/3
ASSIGN 623 TO 11
H=4 4 0%H

6-103
6-104
6-105
6-106
6=107
6-108
6-109
6-110
6-111
6-112
6-113
6-114
6-115
6-116
6=-117
6-118
6-119
6=120
6=-121
6~122
6-123
6~-124
6-125
6-126
6-127
6-128
6-129
6-130
6-131
6-132
6-133
6=-134
6-135
6-136
6-137
6~138
6=~139
6-140
6-141
6-142
6~143
6-144
6-145
6-146
6=147
6-148
6-149
6-150
6=151
6-152
6-153
6-154

6-155

6-156
6-157
6-158
6-159
6-160
6~-161
6-162
6-163




628
629

630
627

IF(J)631,623,624
13J=131+J
IF(13J1627+632+623
INTEGRATION WITH A REAL POTENTIAL
DO 625 K=1,13J

I=1+1
A=140+VV(I)~-H/RR(I)
Q=12.0-10,0%F
S=(Q*X-C*U) /A
T=(Q*Y=-C*V) /A

I=1+1
C=140+VV(I)-H/RRI(1I)
Q=12+0-10,0%A
U={Q%S5=-F%X)/C
V=(Q¥T=F*Y)/C

I=T+1
F=1,0+VV(I)=H/RR(I)
Q=12.,0-10,0%C
X=(Q*U~A%S) /F
Y=(Q*V-A%T) /F
CALCULATION OF THE SCATTERING AMPLITUDES
LL=LL+1

A=X¥FF (1,LL)-U*FF(2sLL)
B=Y*FF (1sLL)-V*FF(2,sLL)
C=X*¥GG(1sLL)-U*GG(2,sLL)
D=Y*GG(1lsLL)=V*GG(2,4LL)
E={A+D)%%2+(B~C) * %2

BP{LL)=( ((D+A)*(D-A)}+(C+B}*(C~B))/E)-1.0
BM{LL)=(~2.0) % (A*C+B*D)/E

SHALL WE GO AROUND AGAIN

IF(ABSF(BP(LL)) + ABSF{BM(LL)) — BB8 ) 627+628,628
IF(LL-LRM) 629,629,627

P=P+1.0

GO TO 601

FORMAT (9HO MMM =T115,9H LRM =115,9H LMAX =5Xs2PE1043)
WRITE OQUTPUT TAPE 6+630sMMMyLRM,P

KODE6=2

RETURN

END

6-164
6-165
6-166
6-167
6-168
6~169
6-170
6-171
6-172
6-173
6=-174
6-175
6-176
6-177
6-178
6~=-179
6~-180
6-181
6-182
6-183
6-184
6~185
6-186
6-187
6-188
6-189
6-190
6-191
6-192
6-193
6-194
6=195
6-196
6-197
6~198
6-199
6-200
6~201
6-202
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736
732
719

706

718

713

720

721
722

702
701

703
1

704
1

705

SUBROUTINE SEVEN
PREOGRAM SEVEN THE ELASTIC CROSS SECTION
COMMON AA1,AA2 sACC,ADD sAKK»AKS sARC9ARM;ARRSARL3AR2sASSsATLsAVY
AV2 sAW1 sAWZ2 9sAZD»AZZ sAZ2DsA3DsA6D,
BB1sBB2,BB3,BB4+BB5,BB6sBB7sBB8,BB9,B10sB11sB1258MsBP>
CCsCNHCSy
DA1sDA2sDDsDDSsDR1sDR2sDT1sDV1sDV2sDW1 sDW2+D12>
ERRsFF sGGsHHIHS s
111911241135 1145ICCsINKODESIRMsIRRSIBZI s
KDCAL s KDGRD 3KDPLT yKODE2 sKODE6 s KODET7 sKODEB»KB80O0 »
LLsLLMsLRMs
NALIXsNA2X s NN1 sNN2 s NN3 s NN4 s NNS5 g NNE s NNT7 s NN8 s NNN s NR1X s NR2X
COMMON NTNSNTTeNTLsNVIXsNV2XsNW1IXsNW2XsN3NsPL s
QQsRRISN»SS»sTTsVCaVVsWWsWX s XCe XN XX
DIMENSION BM(51)sBP(51)»
CC(25100)sCN(90)sCS(51)>
DD(2+100) sFF(2551)1sGG(23s51)sHHI90) sHS(90)sPL(51)
QQ(50)sRR(500)+SS(500)sSN(51)sTT(500)sVC(500)sVV(500)>
WW(S500)sWX(90) s
XC(90)sXN(90) s XX(90)
IF(NNS) 70857084732
KODE7=2
ASSIGN 702 TD XK
ASSIGN 717 TO JJ
ERR=0,0
N=NTT
DO 701 J=1,N
X=COSF(HH(J)*0,017453293)
A=(1e0=-X)
B=AZ2Z/A
C=ASS-AZZ*LOGF (A)
E=-B*COSF(C)
F=—B*SINF(C)
PL(1)=1.0
PL(2)=X
G=0e5%(BP(1)%SN(1)+BM{1)*CS(1))+1+5*X*(BP(2)%SN(2)+BM(2)*CS5(2))
H= Q5% (BM(1)%¥SN(1)=BP(1)*CS{1))+1e5%X*(BM(2)¥SN(2)-BP(21%CS(2))
DO 718 K=3sLL
D=K-1
PLIK)=((2e0%D=-140)%¥X¥PL(K-1)—(D-10)%PL(K-2))/D
A=PL{K)*(D+0.5)
G=G+A* (BP (K)*SN(K)+BM(K)*CS(K))
H=H+A%¥ (BM(K)*¥SN(K)=-BP (K)*CS(K))
XN(J)=((E+G)*# 2+ (F+H)*%2)%1040/AKS
GD TO KKs(7025713)
XC(J)=(E**¥24+F%%2)%10.0/AKS
IFIXC(J))T7217209721

CN({JY=0,.

GO 7O 722

CN{JY=XN(J)/XC(J)

CONTINUE

WRITE OUTPUT TAPE 69711 sHH{J) s XN(J)sXC(J)sCN(J)

GO 70 701

ERR=ERR+WX(J) ¥ ({XN(J)=XX(J))/XX{J))**2

CONTINUE

GO TO JJs (7175715}

FORMAT (9H AV1 =1PE15.8, 9H AWl =1PE15.8»
9H AR1 =1PE15.8, 9H AAl =1PEl5.8)

FORMAT (9H Av2 =1PE158s 9H AW2 =1PE1548»
9H AR2 =1PE15.8s 9H AA2 =1PE15.8)

FORMAT(9H ERROR =1PE15.8)

7-000
7-001

c-01

c-02

c~03

C~04

c-05

c~-06

c-07

c-08

c-09

Cc-10

C-11

c=-12

D-01

D-02

D-03

D-04

D-05

D-06
7-002
7-003
7-004
7-005
7-006
7-007
7-008
7-009
7-010
7-011
7-012
7-013
7-014
7-015
7-016
7-017
7-018
7-019
7-020
7-021
7-022
7-023
7-024
7-025
7-026
7-027
7-028
7-029
7-030
7-031
7-032
7-033
7-034
7-~035
7-036
7-037
7-038
7-039
7-040
7-041
7-042



717 WRITE OUTPUT TAPE 6+7035AV15AW1,AR1,5AAlL
WRITE DUTPUT TAPE 6+7045AV23AW2,3AR25AA2
WRITE OUTPUT TAPE 65705sERR
RETURN

710 FORMAT(45H1 CALCULATED VALUES OF ELASTIC CROSS SECTIONS

1 /16H0 CM ANGLE (DEG)s18H EL XSCTN (MB)
2 18H COUL XSCTN (MB) »18H EL/COUL

711 FORMAT(F16435s1PE18.,851PE18.851PE18.8)

708 IF(KDGRD) 731»730,731

731 KODE7=3
GO TO 719

730 ASSIGN 713 TO KK
ASSIGN 715 TO JJ
WRITE OUTPUT TAPE 64716
WRITE QUTPUT TAPE 6+s70335AV1sAW]lAR1»AAL
WRITE OUTPUT TAPE 6+7045sAV25AW2+AR25AA2
WRITE OUTPUT TAPE 6s705+ERR

716 FORMAT(24H FINAL PARAMETER VALUES)
WRITE QUTPUT TAPE 64,710
IF(KDCAL)7515750s751

750 N=NTT
NT1=NTT
KODE7=1
GO TO 706

751 HH(1)=AT1
DO 714 I=2,NT1

714 HHUI)=HH(I-1)+DT1
N=NT1
KODET7=1
GO TO 706

715 IF (KDPLT) 73357344733

733 CALL PLOT7(HSsXXsNTTsHHsXNsNT1sKDCAL)

734 RETURN
END

7-043
7-044
7-045
7-046
7-047
7-048
7-049
7-050
7-051
7-052
7-053
7-054
7-055
7-056
7-057
7-058
7-059
7-060
7-061
7-062
7-063
7-064
7-065
7-066
7-067
7-068
7-069
7-070
7-071
7-072
7-073
7-074
7-075
7-076

39



40

SUBROUTINE PLOT7(HSsXXsNTTsHH»XNsNT1sKDCAL)
CALLING PROGRAM FOR PLOT ROUTINE
DIMENSION HS(90)+XS(90)sHH(90) sXX(90) s XN(90)sX(180)sY(180}
DIMENSION P(11)sK{(14)
C=2,3025851
DO 1 I=1,NTT
1 XS{I)=-LOGF{(XX(I))/C
DO 2 T=1sNT1
2 XN(I)=-LOGF(XN(I)})/C
SET UP CONDITIONS TO ENTER PLOT SUBROUTINE

P(1)=5,
READ INPUT TAPE 751005(P(1)sI=6511)
K(1)=48

K(2)=2

K(3)=NTT,

K(51=NT1

DO 3 I=1,NTT

X(1)=XS(1)

3 Y(I)=HS(I)
DO 4 I=1sNT1
J=NTT+1
X{Jy=XN{I)
4 Y(J)y=HH(I)
IF(KDCAL)5+655
5 WRITE OUTPUT TAPE 6,103
103 FORMAT(49HPTPLOT OF ELASTIC CROSS SECTION VS CM ANGLE (DEG)»
1 5Xs58HNOTE — EXPERIMENTAL AND CALCULATED ANGLES ARE NOT THE SAME)
GO TO 7
6 WRITE OUTPUT TAPE 6105
105 FORMAT(49HPTPLOT OF ELASTIC CROSS SECTION VS CM ANGLE (DEG)s
1 5Xs54HNOTE -~ EXPERIMENTAL AND CALCULATED ANGLES ARE THE SAME)
7 CALL PLOTMY(XsYsKsP)
WRITE OUTPUT TAPE 65104
104 FORMAT(16HPL* EXPERIMENTALS5Xs14H + CALCULATED)
100 FORMAT(6F10.,0)
RETURN
END

P-000
P-001
P-002
P-003
P-004
P-005
P-006
P-007
P-008
P-009
P-010
P-011
P-012
P-013
P~014
P-015
P-016
P-017
P-018
P~019
P-020
P-021
P-022
P-023
P-024
P-025
P-026
P-027
P-~028
P-029
P-030
P-031
P-032
P~033
P-034
P-035
P-036




899

800

801

842
802

843
803

844
804

845
805

846
806

847
807

VSOV D WN

—

U wN e

SUBROUTINE EI1GHT
PROGRAM EIGHT SEARCHING PROCEDURE

COYMON AAL1;AA2,ACC,ADD»AKK s AKSsARCSARM3ARR 3ART1 5AR29ASSsAT1 AV

AV2 9AYWY yAWZ s AZD s AZZ s A2DsA3D s A6D

BB1,BB2+,8B3,BE4s8BB5sBB6,BB7sBB8+sBB9sB105B811+sB12,BMsBP,

CCyCNyCSy
DA1sDA2,DDsDDSsDR1sDR25>DT1sDV1 sDV25sDW1 sDW2sD12>
ERRsFFsGGoaHHHS,
I1151129113411441CCyINKODEsIRMsIRRsI3ZI s

KDCAL s KDGRD 3 XDPLT yKODEZ yKODEG6 s KMIDET7 sXNDE89KB8OO»
LLsLLMsLRM>

NALXsNA2X s NN1 s NN2 s NN3 3 NN& s NN5 s NNO s NNT 5 NNB s NNN 9 NR1X 9 NR2X

COMMON NTNsNTTeNTLsNVIXsNV2XsMUIXsNW2XsN3NsPL s
QQsRR sSNsSSsTToVCHVVsWWsWX s XCs XN XX
DIMENSION BM(51)9BP(51)
CC(25100)sCN(90)»CS(51)

DD(25s10C)»sFF(2951)9GG(2551)sHH(90) sHS(90)sPL(51),
QQ(50)sRR(500)955({500)9sSN(51)sTT{500)sVC(500)»VV(500)

WWI(500) sWX(30)
XCLG0) s XN{90) s XX(50)
IF(K800) 899+898+899
K800=1
ASSIGN 800 TD 111
GO TO II1ls (B800s811+8125813+8149815+8165817+818)
SET ENTRY CHANNEL AND EXIT CHANNEL
Z=ERR
ASSIGN 890 7O 113
IF(DV1) 801,842,801
ASSIGN 811 7O 111
ASSIGN 821 TO 112
J=0
GO TO 811
IF(DW1) 802,843,802
ASSIGN 812 TO I11l
ASSIGN 822 TD 112
J=0
GO TO 812
IF(DR1) 803,844,803
ASSIGN 813 TO 111
ASSIGN 823 TO I12
J=0
GO TO 813
IF(DAl) 8044845,804
ASSIGN 814 70O 111
ASSIGN 824 TO 112
J=0
GO TC 814
IF(DV2) 805s846+805
ASSIGN 815 TO I11
ASSIGN 825 TO 1112
J=0
GO TO 815
IF{DW2) 806,847,8C6
ASSIGN 816 TD 111
ASSIGN 826 TO 112
J=0
GO TO 816
IF(DR2) 807+848,807
ASSIGN 817 TO 111
ASSIGN 827 TO 112
J=0C

8-000
8-001

c-01

c-02

Cc-03

C-04

c-05

C-06

c-07

c-08

C-09

c-10

c-11

c-12

D-01

D-02

p-03

D-04

D-05

D-06
8-002
8-003
8~004
8-005
8-006
8~007
8-008
8-009
8-010
8-011
8-012
8~013
8~014
8-015
8-016
8-017
8~018
8-019
8-020
8~021
8-022
8-023
8-024
8-025
8-026
8-027
8-028
8-029
8-030
8-031
8-032
8-033
8-034
8-035
8-036
8-037
8-038
8-039
8-040
8-041
8-042
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42

848
808

213

814

815

816

817

a18

821

895

822

825
826
827

828

890

GO 70 817

IF(DA2) 80848494808
ASSIGN 818 TD IIl
ASSIGN 828 TO I1I2

J=0

GO TO 818

ENTRY CHANNELS

E=AV1

F=Dv1

GO TO I135(890,891,892)
E=AW1

F=DWw1

GO TO I135(89C+891,892)
E=AR1

F=DR1

GO TO 1I135(890,89145892)
E=AAl

F=DA1

GO TO 113,(R90,891,892)
E=AV2

F=Dv2

GO TO 1135(89045891,892)
E=AwW2

F=DW2

GO TO 1135(890,891,5892)
E=AR2

F=DR2

GO TO 1135(890,891,892)
E=AA2

F=DA2

GO TO 113+(89C5891,+892)
EXIT CHANNELS

AV1=E

IF(J) 89598955842
CONTINUE

KODE8=2

RETURN

AWl=E

IF{J) 89558954843

AR1=E

IF(J) 89458945844
CONTINUE

KODEB=1

RETURN

AAl=F

IF(J) 8943894845

AV2=E

IF(J) 8959895846

AW2=E

IF(J) 89558959847

AR2=E

IF(J) 894,894,848

AA2=E

IF(J) 8948949849

FIRST STEP IN SEARCH
ASSIGN 891 TC 113

D=F
X = ERR
A= E
E=E+D

GO T0O 112s(8214822,823+824+sR25,8265827,828%)

8-043
8-044
8-045
8-046
8-047
8-048
8-049
8~050
8-051
8-052
8-053
8-054
8-055
8-056
8-057
8-058
8-059
8-060
8-061
8~062
8-063
8-064
8-065
8~066
8-067
8-068
8~069
8-070
8-071
8-072
8-073
8-074
8=075
8-076
8-077
8=-078
8-079
8-080
8-081
8-082
8-083
8-084
8-085
8-086
B-087
8-088
8-089
8-090
8-091
8-092
8-093
8-094
8-095
8-096
8-097
8-098
8~099
8-100
8-101
8-102
8-103



SECOND STEP IN SEARCH
891 ASSIGN 892 TO 113
IF(X-ERR) 87158715872
871 Y=ERR
E
-D
A+D
0 TO 112+(8215822,823,8244+825,8269827+828)
X
A
ERR
E
A4+D
GO TO T1125(8219822+823,8245825,826,827,828)
THIRD AND SUBSEQUENT STEPS IN SFARCH
892 IF (X-ERR) 873,873,874
KEEP GOING IN SAME DIRECTION
874 Y=X
B=A
X=ERR
A=E
E=A+D
GO TO I125(8219822+823,82449825,826,827+828)

872

MPXW<OMOW®

GET BEST ESTIMATE OF E AND FRR AND GO ON T0O NEXT VARIABLE

873 G={Y+ERR)I/X-2.0
IF(G-1.0E-6) B896:8965875
875 G=0+5%(Y—-ERR)/ (X*G)
E=A+D*G
IF(G)Y B76+876+877
876 ERR=X-(ERR-X)#G*¥G/(1+0-G-G)
GO TO 896
877 ERR=X—-(Y-X)*#G*G/ (1.0+G+G)
896 ASSIGN 890 TD I1I3
J=1
WRITE DUTPUT TAPE 6+8883ERRYE
888 FORMAT(1H+27Xs24HINTERPOLATIONS, ERROR=1PE15.8513Hs
11PE15.8)
GO TO I12s (B219822982398249R25482648279R828)
END OF A CIRCUIT
849 IF(ABSF(X-Z)/X-B10) 881,880,880
880 NN7=NN7-1
IF(NN7) 8815881,879
879 114=114~1
IF (I14) 882,882,800
882 I14=NN6
Dv1=DV1#BB9
DW1=DW1#*BB9
DR1=DR1*BB9
DA1=DA1%BB9
Dv2=DV2%BB9
DR2=DR2#%BB9
DAZ2=DA2%BB9
DW2=DwW2*BB9
GO TO 80C
881 NN5=0
KODE8=1
RETURN
END

PARAMETER=

8-104
8-105
8-106
8-107
8-108
8-109
8~110
8-111
8-112
8-113
8~114
8-115
8-116
8-117
8-118
8-119
8-~120
8-121
8-122
8~123
8-124
8-125
8-~126
8~127
8-128
8-129
8-130
8-131
8-132
8-133
8-134
8-135
8~136
8-137
8-138
8-139
8-140
8-141
8-142
8-143
8-144
8-145
8-146
8~147
8~148
8-149
8-150
8-151
8~152
8-153
8-154
8~155
8-156
8-157
8-158
8~159
8-160
8-161
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TEST CASE,
20 4
1 1
u8. 0.
0. l".
39.8 6.8
20. 2.
5040
«5+0
24 . 400.
29.5 77.
32. 53.
37.5 40.
41.5 Ne
b, 12.
50. 3.1
Su. 2.5
58. 3.
61.5 62
66. le
70. 8
T4, w17
78.5 w28
81.5 17
86. «08
90. P |
4. «05
Se -30.
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APPENDIX B

SAMPLE DATA SET

Sample Input Data Listing

CU-ALPHA, 39.8 MEV,

1 10 1 ]

1 1 1 ]
6.82 5
6. o7
| e

2.%0 1.+0
1.=-2 140

1. 27.
1. 30.5
1. 35.5
1o 39.5
1. 43,
1. 4B.
]0 520
1. 56«
1. 60.
1. 63.5
1. 68.
le T72.
1. 76.
Te 79.5
1. 84,
1. 88.
1. 21.5
1e
1. 6.

SEARCH O
10 4
1
0.
0.
4.

0.+0

180.
37.
63.
154
10.

1.
3.6
1.8
53
1.1
)
.18
22
.091
.09
095

0.

N R2,

0 35

te—=7

A2

0.
0.
2.

o1
63.

1.—-8

1.
le
1.
1.
1.
l‘
la
1e
Te
“
Te

]0
l‘
1.
].

'.

la=12

Se-it




ELASTLC SCATTERING

TeST
INPUT
AVl
ovl
AvV2
Dv2
AEE
AMP
AT]
BB1
B8S
BB9
NN
NNS
NKODE

CASE),

CU—-ALPHA,

TO PART ONE

4. Y9999995E 01
Oe
0.
0.
3.07999993E 01
4.00000000E 00
1.99999999€ 01
5.00000000E 00
9.R9999988E~-08
5.00000000E-01
20
1
1

39.8 MEV, SEARCH ON R2,
AWl 0.
oWl 0.
AW2 1.39999999E 01}
Dw2 0.
ARC 6.T9999995E 00
AZp 2.00000000€E 00
oT1 2.00000000E 00
8B2 2.00000000E 00
8BS 2.99999988E-09
810 9.99999988E-03
NN2 y
NN6 1
KDOPLT 1

Sample Output Data Listing

A2

AR)
DR1
AR2
DR2
DEL
AMT
NT 1
BB3
BB7
8N
NN3
NN7

KDGRD

6.81999999E 00 AAl

0. oAl

6.00000000€E 00 AA2

0.99999999E-01 DA2

0.99999999E~01 ARR

6.29999995€ 01 AZT

40 NTT

1.00000000€E 00 BBY

9.99999976E-13 :1:1:)
1.00000000E 00

1 NNy

1 NN8

0 KDCAL

5.00000000E-01
0.

6.99999994E-01

==1.99999997E-02

2.00000000E 00
2.89999998E 01

35
0.

4.9999999UE-OL

10
10
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CM ANGLE (DEG)
24.000
27.0060
29.500
30.500
32.000
35.500
37.500
39.500
41.500
43.000
46.000
48,000
50.000
52.000
54.000
56.000
58.000
60.060
61.500
63.500
66.000
68.000
70.060
72.000
74.000
76.000
78.500
79.500
81.500
84.000
86.000
88.000
90.0060
91.500
94,000

46

CROSS SECTION (MB)

4.00000000E 02
1.80000000€ 02
T.69999993E 01
3.69999996E 01
5.29999995¢t 01}
6.29999995€ 01
3.99999997€ 01
1.49999999E 01
4.00000000E 00
0.99999999k 01}
1. 19999999E 01
9.00000000& 00
3.09999999€E 00
1.00000000E 00
2.50000000E 00
3.59999999¢ 00
3.09999999€ 00
1.80000000E 0O
6.19999993E--01
5.29999989E-01
1.00000000€ 00
1.09999999E 00
7.99999994E-01
4.49999994E-O1
1.69999999E-01
1.80000000E-01
2.79999995E-01
2.19999999E~-01
1.69999999E-01
9.09999990E-02
7.99999988E-02
8.99999988E-02
0.99999999E-01
9.49999988E-02
4.99999994E-02

ERROR WEIGHT FACTOR

1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000€
1.00000000€&
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000¢
1.00000000E
1.00000000¢&
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000E
1.00000000€
1.00000000E
1.00000000E

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00



OQUTPUT FRCM PROGRAM

AKK

ARR

LRM

RECURRENCE RELATIONS FOR

2.59434906E 00

9.00899982€ 00

30

FLNAL VALUE ARM
FINAL VALUE ARC
MMM = 0
AV] = U.T9999995E 01
AV2 = 0.

ERROR = 5.80u463213E 00
MMM = 0
AV] = L,T79999995E 01
AV2 = 0.

ERROR = 6.73265034E 00
MMM = 0
AV] = 4,T9999995E 01
Av2 = 0.

ERROR = S5.47076815E 00
MMM = 0
AV = L,79999995€ O
Av2 = Q.

ERROR = 5.55709577E 00
MMM = 0
AVIY = L,.79999995€ 01
AV2 = 0.

ERROR = 5.08810759E 00
MMM = Q
AV1 = L.T79999995E 01
AV2 = 0.

ERROR = 5.02560300E 00
MMM = 0
AVY = 4,79999995E 01
AV2 = 0.

ERROR = 5.28400493E 00
MMM = 0

FINAL PARAMETER VALUES
AV1 = L.79999995E 01
Av2 = 0.

ERROR = 5.01065475E 00

ADD

ARM

]

3.89999992€-02

1. 15829995E

= 1.2518999LE 01

= 6.78599989E 00
LRM =
AWl = 0.
AW2 = 1.39999999E
LRM =
AWl = 0.
AW2 = 1.39999999E
LRM =
AWl = 0.
AWZ2 = 1.39999999€
LRM =
AWl = 0.
AW2 = 1.39999999E
INTERPOLATIONS,
LRM =
AWl = O.
AW2 = 1.39999999E
LRM =
AWl = 0.
AW2 = 1.39999999E
LRM =
AWl = 0.
AW2 = 1.39999999€
INTERPOLATIONS,
LRM =
AWl = 0.
AW2 = 1.39999999E

AZZ

01 IRR

COULOMB WAVE FUNCTION HAVE FAILED,

2.89627042E

INCREASE
IRM = 276
IRC = 174
30 LMAX = 28.000E
ARY = 6.81999999E
0} AR2 = 6.00000000€E
30 LMAX = 28.000E
AR1 = 6.81999999E
01 AR2 = 6.09999996E
30 LMAX = 28.000€
AR1 = 6.81999999E
01 AR2 = 5.89999998E
30 LMAX = 28.000E
AR} = 6.81999999¢E
01 AR2 = 5.79999995E
ERROR= 5.45254004E 00,
30 LMAX = 28.000E
ARl = 6.81999999E
01 AR2 = 5.87054473E
30 LMAX = 28.000E
AR1 = 6.81999999E
01 AR2 = 5.87054473E
30 LMAX = 28.000E
AR = 6.81999999E
01 AR2 = 5.870544T73E
ERROR= 5.01065475E 00,
30 LMAX = 28.000€
AR1 = 6.81999999E
01 ARZ2 = 5.87054u473E

00 ACC
231 IRM
RMAX

00

00 AAl
00 AA2
00

00 AAD
00 AA2
00

00 AAl
00 AA2
00

00 AAl
00 AA2
PARAMETER=
00

00 AAl
00 AA2
00

00 AAd
0o AA2
00

00 AA}
00 AA2
PARAMETER=
00

00 AAl
00 AA2

L. 76877T314E-04

264

5.00000000E-01
6.99999994E-01

5.00000000€-01
6.99999994E-0 1

5.00000000€E-01
6.99999994E-01

5.00000000E-01
6.99999994E~-01
5.87054473E 00

5.00000000€-01
6.79999989E-01

5.00000000E-01
6.59999985€E-01

]

5.00000000€-01
6.39999986E-01
6.66104484E-01

5.00000000€E-01
6.66104484E-01

nu
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CALCULATED VALUES OF ELASTIC CROSS SECTIONS

CM ANGLE (DEG)

48

20.000
22.000
24,000
26.000
28.000
30.000
32.000
34.060
36.000
38.000
40.000
42.000
44,000
46.000
48.0060
50.000
52.000
S4,000
56000
58.000
60.000
62.000
64,000
66.000
68.000
70.000
72.000
74.000
76.000
78.000
80.000
82.000
84,000
86.000
88.000
90.000
92.000
94.000
96.000
98.000

EL XSCTN (MB)
9.62958920€ 02
5.70692205€ 02
L.88153476E 02
3.47278482E 02
1.54765056E 02
5.00323659€E 01
S5.44254661E 01
B.18312800E 01
6.982265u1t 01
3.14305583E 01
6.26571721E 00
6438151097 00
1.50700368E 01
159072275t 01
8.70288706E 00
2.10061249E 00
8.18222284E-01
2.62395263c 00
3.55630508E 00
2.49202803€ 00
9.05211937e-01
24.32998583E-01
4,70808333€-01
T7+95787382E-01
T.09919691E-01
3.67436954E-01
1.28562714E-01)
1.12168066E-01
1.82845095€-01
1.93067770e-01
1.29695812E-01
6.34438616E-02
3.98642811E-02
4.57365376E-02
4.89706349E-02
3.83u81470E-02
2.40016937E-02
1.66017307E-02
1.58055563E-02
1.52522676E-02

COUL XSCTN (MB)

3.42673385E
2.35053077€
1.66T42258E
1.21677208E
9.09621513E
6.94346786E
5.39770323E
L4,26U402742E
3.41689688E
2.77327996E
2.27695602E
1.88905549¢
1.58219402E
1.33674738E
1.138u3484E
9.76716113E
8.U4371069T7E
T.33456379€
6.41393006E
5.63996542E
4.98518568E
L. U2796361E
3.95114103E
3.54100302E
3.18650621E
2.87869832E
2.61027709€
2.37524977¢E
2.1686699T7E
1.986434 12E
1.82511987¢&
1.68185945E
1.55423896E
1.4402174TE
1.33806215€
1.246296U7E
1.16365713€
1.08905929E
1.02156860E
9.60377419¢E

03
03
03
03
02
02
02
02
02
02
02
02
02
02
02
01
ol
01
o1
0l
[0}
01
0l
01
01
01
01
01
01
o1
01
01
01
01
o1
01
01
01
o0
00

EL/COUL
2.81013629€~01
2.42792907E-01
2.92759302E-01
2.85409638E-01
1.70142256E-01
7.20567405E-02
1.00830786E-01
1.91910774E-01
2.04345217e-01
1.13333519t-01
2.75179541E-02
3.37814897€E-02
9.52477157E-02
1.18999504E-01
7.6u460701E-02
2.15068883E-02
9.69790089E-03
3.57751691E-02
5.54465818E~-02
Be41851646E-02
1.81580383€£-02
5.26198047E-03
1.19157560E-02
2.24735016E-02
2.22789359E-02
1.27639964E-02
4.,92525154E-03
4.72236919€-03
8.43120873t-03
?.71931386E-03
7.10615301€-03
3.77224508E-03
2.56487u62E-03
3.1756688u4E-03
3.65981761E-03
3.07696822E-03
2.06260872E~03
1.52441016E-03
1.54718500E-03
1.58815350€E-03



Sample Output Data Plot

NOTE ~ EXPERIMENTAL AND CALCULATED ANGLES ARE NOT THE SAME

PLOT OF ELASTIC CROSS SECTION VS CM ANGLE (DEG)
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